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Indian Standard 

CODE OF PRACTICE FOR 
EARTHING 


0. FOREWORD 


Indian Standard was adopted the Indian Standards Institution 
on J4 March after the draft finalized by the Power In^taJIation and 
Maintenance Sectional Commitwe had been approved by the Electro¬ 
technical Division Council. 

0.2 The Indian Electricity Rules whether with the supplemental^' 
regulations of the State El«txicity Departments and Electric^iry Under- 
takinra govern the electrical installation ^i-ork in generating stations, 
substations, industrial locatious, buildings, etc, in this country. To ensure 
safety ot JjJc and apparatus against earth faults it was felt necessary to 
prepare a code of practice for earthing. Tills code of practice is intended 
to jwrve as a consolidated guide to ail those who arc concerned with the 
design, installatton, inspection and maintenance of electrical systems and 

Skppcir^t us. ^ 

0.3 Tliis code is divided into three sections. Section 1 gives general 
requirements a^ciated with earthing, such as earth electrode soil 
d^ign considerations. Section 2 gives specific requirements 
for earthing in buildings, m industrial locations and of miscellaneous 
cicc^xcal apparatus while Section 3 gives specific requirements for earth, 
mg m gctieratidg stalions, in substations and of overhead power lines. 

0.4 The subject of earthing covers the problems relating to conduction of 
electricity through earth. The terms earth and earthing iiave been used 
in this code irrespective of reliance being placed on the earth itself as a 
IcAv impedance return path of the fault current. As a matter of fact the 
ear^ now r^ely serves as a part of the return circuit but is being used 
mamly for fiiung the voJtage of system neutrals. The earth connection 
improves service continuity and av-oids damage lo equipment and danger 
to human Jives. ^ 


0.5 The object of an earthing system Is to provide as nearly as possible 
a surface under and around a station which shall be at a uniform 
potential and as nearly aero or absolute earth potential as possible. The 
purpo^ of this is to ensure that in general all parts of apparatus, oihcr 
than live parts, shall be at earth potential, as well as to ensure that 
operators and attendants shall he at earth potential at all times. Also bv 
prov-iding such an earth surface of uniform potential under and surrounding 
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the Station, as nearly as possible, there can ejiist no difference of poten¬ 
tial in a short disUiicc big enough to shock or injure ati attendant tvhen 
short-circuits or other abnormal occurrences take place. The rcconunenda- 
tions in this code are made in order that these objects may be carried out. 

0,6 Earthing associated with current-carrying conductor is normally 
essential to the security of the system and is generally known as system 
earthing, while earthing of non-current carrying metal work and conductor 
is esi'Cntiat to the safety of human. U(c, of animals and of pfoperty aitd 
is generally known as equipment earthing, 

0,7 In the preparation of this standard, assblance has licen taken from the 
following: 

S.\A Wiring Rules Part I, Wiring methods. Standards Association 
□f Australia . 

VDE 0100/lL5a Specificalion for iht ercciion of power ins(allatiou 
with rated voltages below 1 kV. Verband. Dcutsehcr Elektro- 
techniker. 

VDE 0141/2.64 Reflations for earthing in ac installations with 
r.;ited voltages a.bnvt I kV* Verband Deutsclier Elektrotecbnilter. 

CW ( ELCP J 9328 Diaft Briiish Standard cede of practice for earth¬ 
ing. Bruish Standards Instituiion- 

Indian Elcciricily Rules, l9o6. 

0,« Assistance has also been rendered by the Geological Surrey of India m 
collecting the resistivity values of soils of different parts of the country'. 

0.9 This code is one of the scries of Indian Standard codes of practice 
on installation and maintenance of power equipment. The ocher codes 
in this series are: 

IS: 732-1963 Code of practice for electrical wiring installations 
( system voltage not citcceding 650 volts ) ( reiiued ) 

IS:900-1965 Code of practice for installaiioti and maintenance of 
induction motors {femsid) 

IS: 1235-1958 Code of practice for installation and maintenance of 
paper-insula led power cables ( np lo and including 33 tV ) 

IS : 1866-1961 Code of practice for maintenance of insulating oil 
IS: 1666-1961 Code of praetke for instiillatlon ajid maintenance of 
iransformers 

IS: 2274-1963 Code of practice for electrical wiring installations 
( system voltage exce^ing 650 volts ) 

IS 2309-1963 Code of practice for the protection of buildings and 
allied structures against lightning 
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IS : S072 ( Pan I )-1965 Code of 
tenance of sivitchgcar; Part 
exceeding 1 OOO V ) 


practice for insiallaElon and main- 
I Switchgear ( system voltage not 


praciicc for selection, installation and main- 
Ecnajice of fuses ( voltages not exceeding 650 volts) 

purpose of deciding whether a particular requirement of 
X wirif IS- HsC* or 


1. SCOPE 


1.1 This code covers general requirements associated u-ith both 

SSSiESKSSiS?- 

.hi xfo" s’K"' 


SeCTION I terminology AND GENERAL 
requirements 

2. TERMINOLOGY 

2.0 For die puipose of this standard, the Mowing definitions shall apply 

under fault conditions balances the capacitance current - ^ 

fmm the Jme so that the earth current at the fault is limited to piacti^aUy 

mL®pam7'^“ ^I«<rically two or more tonductont or 

^ually in t^eTr^m oflapellr wiJ!f).CrvfoglsT mAS^proim 


■Rtila for rouiHtiuj off numerJeal vsluej { wtiW). 
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2.5 Cable, Flexible — A cable comaining one or more cotes, each formed 
of a group of wires, the diameters of the cores and of ihc wires being 
suflicienEly small to alTord flexibility, 

2.6 Cable, Metal*Sbeathed — An insulated cable with a metal sheath, 

2.7 Cut-Out “ Any appliance for aniomaticaily interrupting the trans¬ 
mission of energy through any conducior when ihe current rises above 
a predetermined amount; it shall also include fusible cut-out, 

2.B Damp SItuatioii — A situation in which moisture Neither permanently 
present, or intermittenUy present to such an extent as to be likely to 
impair the insulation of an installation conforming to the requirements for 
ordinaiy situations. 

2.9 Dead — " Dead" means at or about earth potential and disconnected 
from any live spiem. 

2.10 IHstributor (Distributittg Main)— The portion of any main 
which is used or inicndcd to Ije used for the purpose of giving origin 
to service lines for the purpose of general supply- 

2.11 Eartb~A connection to the general mass of earth by mcatis of an 
earth electrode. An object is said to be * earthed " when it h cIccLrically 
connected to an earth electrode; and a conductor is said to be * solidly 
earthed ' tvheii it U electrically connected to an earth electrode without 
intentional addition of resistance or Impedance in the earth connection. 

2.12 Earth Continuity Condnetor —The conductor, including any 
clamp, connecting to the earthing lead or to each other tht^e pails of an 
Installation which are required to be earthed. It may be in whole or in 
part the metal conduit or the metal sheath or armour of the cables, or a 
special continuity conductor^ cable or flexible cord irtcorporating such a 
conductor, 

2.13 Earth Current — A current flowing to earth. 

2.14 Eartb Electrode “A metal plate, pipe or other conductor or an 
array of conductors cleclricalty connected lo the general mass of the earth. 

2-13 Eartb Fault — Live portion of a system getting accidentally connec¬ 
ted to earth* 

2.16 Eartb Terminal ( Earthiiig Terminal } — A terminal provided on 
a piece of apparatus Ibr the purpose of malung a connection to earth- 

2.17 Earth Wire — A conductor connected to earth and usually situated 
in proximity lo the associated line condnctois. 

2*1E £a^tbf^d Circuit — A circuit one or more point? of ^vhich are 
intcnijonally connected to earth* 
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2,19 Earthed Foie— Than poic or line of an earthed dreuit which is 
connected to earth* 

2*20 Earthed System—A system Ln which the neutral or any one 
conductor is deliberately connected to earth directly or through an 
impedance. 

2.21 Earthing Lead— The conductor by which the connection lo ihe 
earth electrode is made. 

2.22 Eardiing Ring ( or Earth Bus ) — A ring or bits formed by con¬ 
necting earth electrodes, 

2*23 Earthing Resistor (Earthing Resistance)— A resistor through 
which a system is earthed and which serves to limit the current Rowing in 
the event of an earth fault, 

2,24 Fault — Any defect in plants apparatus or conductor, which impairs 
normal opcraiion ur saieiy* 

2*25 Fauk Current —A current flowing from one conductor to earth, or 
to another conductor^ owing to a fault in the insulation- 

2-26 Feeder —A line which supplies a point of a distributing network 
without being tapped at any iniermcdiate point. 

2.27 Fuse ^ —A device that* by the fusioii of one or more of its specially 
designed and proportioned components, opens the circuit in which it is 
inserted when the current through it exceeds a given value for a sufficient 
time. The fuse comprises all the parts that form the complete device. 

2.28 InsuJatlDn 

2,28*1 DittibU Insulation — Denotes insulation comprising both functional 
insulation and supplementary insulation* 

2,28*2 Funotionnl Insulation — Denotes the insulation necessary for the 
proper functioning of equipment and for basic protection against electric 
shock. 

2,28-3 Rgtnfmid Insulation — Denotes an improved functional insulation 
wnth such mechanical and electrical qualities that it provides the :^me 
degree of protection against electric shocks as double insulation. 

2JIBA SiipptemintaTjf Insalaiion {Ffolectho fnsidathn) —Denotes an 
independent insulation provided in addition to the functional insulation 
in order to ensure protection against electric shock in case of failuTe of 
die funcEional insulation. 

2*29 Leakage— The parage of electricity in a path, other than that 
desired, due to imperfcd insulation* 
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2.3D Leakage Current — A fault current of relatively small value, as 
distingubliccl from that due to a short-circuit* 

231 Live (or Alive) — An object is said to be * Uve" when a dJiTerence 
of potential exists between it ai^d carih. 

2*32 Middle Wire — That conductor of lliree-wire ss'sicni wbich is inter¬ 
mediate in voltage between the other two. 

233 Mlolmum Fusing Current ( of a Fuse) —The minimurn current 
at ^^hicb a fuse element shall meltj that is, the asymptotic value of current 
shown by the curve of total operating time* 

233.1 In practice^ this is deemed to l>e the value of tlie current corres¬ 
ponding (on the curve) to an arbitrary time sufficiently long for the 
asymptotic value to be nearly reached. 

2.34 Multiple Earthed Neutral System — A system of earthing in 
ivhich the pans of an Installation specified to be earthed are connected, to 
the general ma^ of earth and in addition, arc connected within the instal¬ 
lation to the neutral conductor of the supply system. 

2*35 Network — An aggregation oF conductor intended for tlir dbiribu^ 
tion of electrical energy* 

2*36 Neutral Point ( Neutral ) 

2-36,1 Of a Syskm — Thu point which has the same poteniial ^ the 
point of junefion of a group of equal n^sbtances, connected at their free 
ends to the appropriate main terminals or tines of the sysLem- The number 
of such resistances is 2 for single-phase> 4 for 2-phase ( applicable to 4-wire 
systems only ) and 3 for 3-phasc systems. 

236.2 Of a Symmilrkai — ^The point with respect to which the 

potential of the conductors is symmetricaL It is usually connected to 
earth* 

2.363 0 /a Smgli-Phoie Sjsfem — The term ' neutral" is used in relation 
to single-phajic systems In this code to denote that conductor which Is 
connected with earth at one or more points* 

237 Pilot ( Pilot Cable ) — An auxiliary* line intended for measuremenis, 
signals or protection in an electrical neUvork. 

23B Potential ( at a Point) —The poientiat diflTcrence between that 
point and earth. 

239 Potential Gradient ( at a Point) — The potential difference per 
unit length measured in the direction in which it is maximum. 

2,4Q Protective System - A system consisting of apparatus and connec¬ 
tions responsive to a disturbance { overvoltage^ current surge, fault to earth, 
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etc) protecting ;?ia electrical lEisUlJation against the harmful effects uhicb 
may result therefrom, by isolating the faulty section. 

2*41 Resistance Area { of an Earth Electrode only ) — The area of 
earih (around earth electrode) ivithiu which praetlcall)- the whole of the 
potential difTerence between the electrode and the general mass of earth 
occurs when it is carry^ing an earth fault or test current. 

2.42 Service Line — Any electric line through which energy may be 
supplied by the supply authoHties to a coiisumer either from any distribu^ 
tor or directly from the premises of the supply authoriiJc^, 

2.43 Seep Potential — The maximum value of the potential difference 
possible of being shunted by a human body between two accessible points 
on the ground separated by the distance of one pace which may be 
assumed to be one metre. 

2^44 Touch Potential The maximum value of potential diffcfcnce 
between a point on the ground and a point on an object likely to carry 
fault current such that the points can be touched by a person, 

2*45 Voltage, Extra-Low — A voltage normally not exceeding 32 vohs 
under normal conditions^ 

2,46 Voltage, Low* — A voltage normally exceeding extra ]ow'voltage, 
but not exceeding 250 volts rms alternating current or direct current under 
normal conditions. 

2*47 Voltage, Medium A voltage normally exceeding 250 volts, hut not 
exceeding 650 volts rms alternating current or direct current under normal 
conditions. 

2*48 Vokage, Higli — A voltage normally exceeding 650 volts under 
iiortna.1 coriditions. 

3. EXCHANGE OF INFORMATION 

3.1 When the cartKing of a consumer’s installalion is being planned, prior 
consultaiion should take place bctw^cen the consultant or contractor and the 
supply authority. Where necessary, consultaiiotr tvith ptsts and telegraphs 
department shall also be carried out In order to avoid anv interference 
with telecommunication system. 


4. GENERAL REQUIREMENTS 

4.1 Eanhing shall generally l>c carried uui in accordance with the reouire- 
rnents of Indian Electricity Rules, 1956 as amended frxtm lime to “ime 
and the relevant regulations of the Electricity Supply Authority concerned. 
The following Indian Eleetncity Rules are paniculariv applicable: 

32>51,61. 62, 6 7, 69, 88 (2) and 90, 

• '-i-r ■»■««» i„M. 


12 




15:3043 - 


4,1*1 ExLrACts from Indian Elcctrkiiy Rnlcsj 1956 as amended up to 
14 July 1966 referred to In this code ate given m Appendix 

4.2 Ail mcdiuTii voltage equipment shall be earthed by two separate and 
distinct eonneciions with earth through an earth electrode ( Appendix 
A, Rule No. 61 ). In the case of high and estra high voltages the neutral 
points shall be earthed by not less than two separate and distinct connec- 
lions with earth each having its o\vn electrode at the generating station 
or substation and may be earthed at any other point provided no 
interrerence is caused by such earthing. If necessary, the neutral may be 
earthed through a suitable Impedance. 

4.2,1 In cases ^vhere direct earthing may prove harmful I'ather than 
provide safety (for example, high frequency and mains frequency corelcss 
induction furnaces),, relaxation may be obtained from the competent 
authoriiy { ah& 15*3.5 ). 

4.3 Earth electrodes shall be provided at generating stations, substations 
and consumer premises in accordance with the requirements. 

4.4 As far as possible all earth connections shall he visible for inspection. 

4.5 .All connections shall be carefully made; if they are poorly made or 
inadequate for the purpose for which shey are intended, loss of life or 
serious personal injury' may result, 

4.6 Each earth system shall be so devised that the testing of individual 
earth electrode h possible. It is recommended that the value of any 
earth system resistance shall not be more than 5 olims, unless otherwise 
specified ( 5A 3, 5.5, 12.1.2 and 17^*10 ). 

4.7 The minimum sis^e of earthing lead used on any installation shall have 
a nominal ctoss*scciional area of not less than 3'0 mm* if of copper and 
6 mnr^ if of galvanized iron oi steel. The actual size will depend on the 
maximum fault current which the earthing lead w'ill be required to carry 
safely ( S£t 9.2^4 ). 

4,6 It is recomrnciided that a draiving showing the main earth connec¬ 
tion and earth electrodes be prepared for each install ation- 

4.9 No addition to the current-carrying s>^tem either temporary' or 
permanent, shall be made, whtcli will increase the maximum available 
earth fault current or its duration until it has been ascertained that the 
exisiting arrangement of earth elcclrodcs, earth bus-bar, etc, arc capable 
of carrying the View value of earth fault current w^hich may l>e obtained 
by this addition. 

4.10 No cut-out, link or switch other than a linked switch arranged to 
operate simultaneously on the earthed or earthed neutral conductor and 
the live conductors, shall be inserted on any supply sj'stcm. This, however, 


13 


IS: 3045 - IMS 


do€5 not IneLudc the case of a switch for use in confroliin}^ a generator 
or a transformer or a link for test purposes {rrr Appendix A, Rule Ko- 32 ). 

4^11 All znaterialSj fittings^ etCj used in earthing shall tonTorm lo Indian 
Standard specifications wherever these exist. In the case of materials for 
w^hich Indian Standard specifications do not exist, the material shall be 
approved hy the competent authority, 

Nore — A liat of I ndJ^n SlELadiirdj required for reference for earthing u given in 
Appendix U. 

5. DESIGN CONSIDERATIONS 
5>1 System Earthing 


5tt>l The (question of how a sj’stcm thall be caethod is gov'triicd bv 
ihc Indian Electricity Rules, J956. 


5.1.2 The regulations that e%'cry medium, high and extra high voliagc 
ct^uipment shall be earthed by not Jess than two separate and distinct 
connections with earth is designed primarily to preserve the security of the 
system by ensuring that the voltage on each live conductor Is r«tricted 
to such a value with respect to the potential of the general mass of the 
earth as is consistent with the les'cl of insulation applied. 


5.1.3 The earth system resistance should be such that when any fault 
ttecurs against which earthing is designed to give protection, the protcc* 
live gear will operate to malie the faulty portion of plant harmless. In most 
eases such operation involves isolation of the faulty mam or plant bv 
circuii^breaker or fus«. In the case of underground system there may 
1« ^ difficulty, but in the case of overhead line system protected onlv 
by fuses there may be difficulty in so arranging the value of the earth 
ri^istance th^t a conductor falling and making good contact svith earth 
shatl cause the fuses in the supply to operate- 


5J.4 Earthing may not give protection agaimt faults which arc not 
essentially^ earth faults. For example, If a phase conductor of an overhead 
spm line breaks and the part remote from the supply falb to the ground. 
It 15 unlikely that any^ protective gear relying on earthing will operate 

since the major fault ts the open-circuit against which earthing gives no 

protection, ^ ^ 


5.2 Equipment Earthing 

electrica] equipment other than 
normally live or current carrying shall be carried out 
iJid conform to Indian Electricity Rules, 1956. 


5.2.2 The object of equipment 
of ihc protecti^ic gear in the event 


earthing h to ensure cfTcctK'c operation 
of leakage through such metal ^vork, the 
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potential of which with respect to neighbouring objects may attain a 
value which would cause danger to life or risk of fine* 

5.3 Soil Resistivity 

5.3pi The resistance to earth of an electrode of given dimensiom is 
dependent on the electrical resistivity of the soil in which It h insiaJkd^ 
It foilouT, therefore, that an overriding consideration in deciding which 
of the alternative method of protection is lo be adopted for a particular 
system or location is the soil resistivity in the area concerned. 

5.3.2 The type of soil largely dcicnnines its rcsktivity and representative 
values for soils generally found in India are given in Appendix G. Barth 
conductivity is, however, essentially electrolytic in nature and is affected 
therefore by moisture content of the soil and its chemkal comptisiiion 
and concentration ofialts dissolved in the contained water. Grain size and 
distribution and closeness of packing axe also contribulory' factors since 
they control the manner in which the moisture is held in soiL Many of 
these factors v^ary locally and some seasonally and, thercforCi the valuer 
given In Appendix C should be taken only as a general guide. Local 
values should be verified by actual measurement and this is specially 
important where the soil is stratified, as owing to the disposition of 
earth current^ the effective resistivity depends not only on the surface layers 
but also on the underlying gcolc^Lcal formation. 

5.3.3 The soil tempErature also has some effect on soil resistivity but 
is important only near and below' freezing point, necessitating the installa^ 
tion of earth electrode at deptlts to w^hich frost w ill not penetrate. 

5.3.4 While the fundamental nature and propcriies of a soil inagi%xn 
area cannot be changed^ use can be made of purely local conditions in 
choosing suitable electrode sites and of meth^s of preparing the site 
selected, to sracurc optimum resistivity. These measures may be summ¬ 
arized as follows; 

5.3.4.1 Where there is any option, a site should be chosen in one 
of the following types of soil in order of preference. 

a) Wet marshy ground and grounds containing refuse, such as ashes, 
cinders and brine w-astc; 

b) Clayey soil or loam mixed with small quantiuo of sand; 

c) Clay and loam mixed svith varying proportions of sand, gravel 
and stone; and 

d) Damp and wet sand pL(. 

5.3.4.2 A site should be chosen which is naturally not ^vell drained. 
A water logged situation, however, is not essential unless the soil be sand 
or gravel as in general no advantage results from anincTeuse in moisture 
content above a^ut 15 percent to 25 percent. Perennial wells may also 
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be used as sites for earth electrodes with advantage where nhe bottom of 
chc earth is rocky. 

53A3 Electrodes should preferably be situated in a soil which has a 
fine texEure and which is pack^ by watering and ramming as tightly as 
possible. Where practicable the soil should be sifted artd all lumps 
should be broken up and stones removed in the immediate vicinity of the 
electrodes. 

Recourse may be had to chemical treatment of soil to improve 
the conductivity. Common salt is generally used for Ehis purpose and the 
addition of less than one part by weight of salt to 200 of soil moisture ha^ 
been found to reduce the resistivity by 90 percent but there is litElc 
advantage In increasing the salt content above 3 percent ( 17»2*11 ). 

Calcium chloride^ sodium carbonate and other substances loo have been 
found bcncficiaL But before chemical treatment is applied, it should be 
verified that no deleterious effect on the electrode material will result, 

5«3«4.5 L'se should be made^ where poKiblc, of natural salts in soils 
produced by bacteriological action on decaying plants. The resLsiivity of 
soil on which plants arc growing will be lower than that of the same soil in 
the absence of plants. 

5,3AS In places where the soil conditions appear to be extensively 
corrosive;, the soil may* be chemically examined before deciding the material 
of the earth electrode. 

5*3.5 EJki of Mcislurt Cotit^ni {tn Earth Resfstkiiy —^^^OLstllre content h 
one of the controlling factors In earth resistivity. Fig* 1 show^ the 
variation of resistivity of red clay soil u-ith percentage of moisture. The 
moisture content is expressed in percent by weight of the dry soil. Dry earth 
weighs about 1440 kg per cubic metre and thus 10 percent moisture 
content is equivalent to 144 kg of water per cubic metre of dry soil* It 
will be seen from Fig. I that above about 20 percent moisture the resistivity 
is very little alfcrtcd, while below 20 percent the resistivity increases very 
abruptly with the decrease in moisture content. A difference of a few 
percent moisture will therefore make a very' marked difference in the 
effectiveness of earth connection if the moisture content falls below 
20 percent. The normal moisture content of soils ranges from 10 percent 
in dry seasons to 35 percent in w^ct scions, and an approximate average 
may be perhaps 16 to 18 pcrccntn 

It should be recognized, howeverj that moisture alone is not the 
prcdonriinant ^ factor in the loiv resistivity of soils; for example] earth 
electrodes directly In the beds of rivers or mountain streams mav 

present very high resistance to earth. If the water Is relatively pure it will 
be of high resistivity and unless the soil contains sufficient natural elements 
to form a conducting elccirplytc, the abundance of water will not provide 
the smi with adequate conductivity. The value of high moisture content 
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Fig. 1 Variation of Soil Resistivity with Moisture Content 
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in soils is advant^j^^us in intrcasing the solubility of twisting natural 
dements in the soil+ and in providing for the solubility of ingredients 
which may be artiBciady LntrtxJuced to improve the soil conductivity. 

^ 5^3.6 iff Tfinfurratun on E^rih Resistanfe — The temperature coefii- 
cieni of resistivity for soil is negative, bu! is negligible for temperatures 
above freezing point. At about 20”C» the resistivity change is about 
9 percent per degree cehius. Below the water in the soil begins to 
freeze and introduces a tremendous increase in the temperature coefficient^ 
so that ait the temperature becomes lower the rcststivity rises enormously. 
It is, therefore, recommended, that in areas where the temperature 
expected to be quite low, the earth electrodes should be installed well 
below the frost line* Where winter seasons arc severe this may he about 
2 metre 1>e:Iow the surface, vvlicrcas in mild climates the frost may penetrate 
only a few centimetres or perhaps the ground may not freeze at all. Earth 
electrodes which are not driven below the frost depih may have a very 
great variation in resistance throughout the seasons of the year* Even 
when driven below the fr<Ht line there is some variation, because the upper 
soil when frozen presents a decided increase in soil resistivity and has the 
elfcet of shortening the active length of electrode in contact with soil 
of normal resistivity. 

5.3^7 AFtiJicial cj[ Soil Xlultiple rods even in large niuml>er 

may sometime fail to pioducc an adequately low resistance to earth. This 
condition arises in irLstallatloios involving soils of high resistivity. The 
alternative is to reduce the resistivity of the soil immediately surrounding 
the earth electrode. To reduce the soil resistivity, it is necessary' to dissolve 
in the moisture, normally contained in the soil^ some substance srhich is 
highly conductive in its water solution. The most commonly used 
substances are sodium chloride (KaCIJ, also known as common salt 
cakium chloride ( GaClj ), nodiimi carbonate ( ), copper sulphate 

(CuS 04 )t salt and soft coke and salt and charcoal in suitable oronor* 


5.3*7*1 \\ithi average or high moisture content these agents form a 
conducting electrolyte throughout a svide region surrounding ihe earth 
elecu-ode. Approximately 90 percent of the resistance between a driven 
K • withtn a rad ms of abotit two metres from the rod. This 

should he kept m mind when applying the agents for artificial treatment of 
sou* The Simplest application is by excavating a shallow basin around the 
top of the r^, one met^re in diameter and about 30 cm deep, and applying 
the ar ificial agent m this basin. The basin should subsequently be filled 
several times with water, which should be allowed each time to soak into 
carrying the artificial treatment, in electrolyte form, to 
con^derablc depths and allowing the artificial agent to become diffused 

surrounding 
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5.3.7.2 The recluciioii in soil resistiviiy dfecEcd by salt bsho'tvn by the 
curve m Fig, 2. The salt content is expressed In percent by ivtight of the 
contained motstune. It will he noted that the curve flattens off at about 
5 percent salt content and a further increase in salt gives but little decrease 
in the soil resistivity. The effect of salt will be different for different kinds 
of soil and for various moisture contents but the curve will convey an idea 
of how the soil conductivity ran be Improved. Decreasing ihe soil 
resistivity causes a corresponding decrease in the resistance of a driven 
earth electrode. 

5.3.7.3 In close texture soils, the artiflcial ireaLmcnt may be effective 
oyer a period of many years. However, It is recommended that annual or 
bi-annual measurements of earth resistivity should be made to find out if 
additional ircatinent is needed, 

5.3.7.4 In using artificial treatment the possible corrosive effect of the 
salt on the driven roils and connections should be considered. The 
possible contamination of the domestic water supply should also be 
considered. 



pehceni of SALt IN MCisTuaE 

Fig. 2 Variation of Suit RESisrrvjTY wira Saet ( NaCJ ) Content, 
Clay-Soil Havino 3 percent Mobtore 

5-4 Fotential Gradients — It is necessary to ensure, especially in case of 
large electrical installations, that a person ivallcing on the ground or 
touching an earthed object, In or around the premises shall not have large 
dwgerous potential differences impressed across his body in case of a fault 
within or outside the premises. Such danger may arise if steep potential 
.gradients exist within the premises or between boundary of the premises 
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and :in accessible point outside. For tbis the step potential and much 
potemiaJ should be investigated and kept within saTc limits. Withm a 
earthing grid, the step and touch potentials may Ije lowered to any value 
by reducing the mesh interval of the grid. The situation is more diAirult 
in the zone immediately outside the peripher>' where the problem may 
exist e%^eii for the theoretical case of a single plate covering the substation 
area. This problem may be serious in small stations where the grid may 
cover only a Limit^ area. Attempts should be made to design a sub¬ 
station so as to eliminaie the possibility of touch contact beyond the 
earth-syitem pcriphciy, T,vhEn the limitations on step potential become less 
exactingp While assessing the touch potential the method of earthing of 
the object louchedt for examplCt svhether it is earthed directly below or 
remotely should he kept in view^ in order to consider the po^lbiUty of 
occurrence of large potential difTercnces^ 

Special attention should be paid to the points near the operating 
handles of apparatus anct> if necessary, potemial equaliser grillages of 
closer mesh securely bonded to the structure and the operating handle 
should be buried below the surface where the operator mav stand when 
operating the switch. 

5.3 At consumer's premises where the apparatus Is protected by fuses^ the 
total earth circuit impedance shall not be more than that obtained by 
graphs of Fig. 3. 


6. EARTH ELECTRODES 
6d Eartli Elecerode Meterial 

6-1J Atthnugh efetfrode material does not affect initial earth resistance^ 
care should be taken to select a material uhich b resistant to corrosion in 
the type of soil in which it tvill be used. 

6.1-2 Under ordinary conditions of soil, use of copper, iron or mild steel 
electrodes is recommended. 

6-1 iS III eases where soil condiIious point to excessive corrosion of the 
electrode and the connections, it h recommended to use either copper 
c ectrode or copper clad electrode or zinc coated f galvanised ) iron 
electrodes. 


6.1.4 In direct current 5ystcm, however, due to electrolytic action 
deeJodS^*"^ c<>rrosion, it is recommended to use only copper 


6-1-5 The electrode shall be kept free from paint, enamel and grease. 

material for earth electrodes 
and earth coitdticiors or otherwise precautions should be taken to avoid 


corrosion. 
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Fio. 3 Recommended Eai^th Circuit Impedance or 
Resistance for Different Values of Fuse Rating 

6,2 Current Loading of Earth £lectTodr» 

6.2.1 Ad earth electrode should be designed to have a loading capacity 
adequate for the system for which it forms a part, that iS;, it should 
capable of dissipating without failure, energy in the earth path at the point 
at which It IS installed under any condition of operation on the system. 
Failure is fundamentally due to ejccessii^ rise of temperature at ihe surface 
of the elective and is thus a function of current density and duration as 
vvell as electrical and thermal properties of soil. 

6.2.2 Generally soils have a negative temperature coeflicient of resistance 
so that sustained current loading results in an Initial decrease in electrode 
re^mance and a consequent rise in the earth fault current for a given 
applied voltage. v\s soil moisture is driven away from the soil electrode 
interface, the resistance increases and will ultimately become in6nite if the 
temperature-risc is sufficient* This occurs in ihc region of I00*C and 
results in complete failure of the electrode. 

6,23 Two conditions of operation require consideration^ namely: 

a) Long duration overloading as with normal system operation, and 
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b) Short time overloading as under fauli conditions in direedy 
earthed system- 

G*23.1 Long duration overloading due to normal unbalance of the 
system will not cause failure of earth electrodes provided that the cuirent 
density at the electrode surface docs noi exceed 4<l A/m*. Limitation to 
value below this would generatly be imposed by the necessity to secure a 
low resistance earth. 


Time taken by an earih electrode to fail on short time over¬ 
load is inversely proportional to the spccJlic loading which is given by i®p 
where / is the current density at the electrode surface in Afm^ and p the 
resisdvity of the soil in ohm metre. The ma?cimum permissible current 
density is given by 


7 57 X W 

V pi 


A/m* 


where 


i = duration of earth fault in seconds. 


6.3 Voltage Gratlieeit Am and Earth Electrodes 


6^3,1 Under fault condiiions [he earth elecErode is raised m a potential 
With respect to the general mass of the earth. Tim re^ult^ in the existence 
ol voltages tn the soil around the electrode which may be injurious to 
tclcprione and pilot cables whose cores are substantially at earth potential 
□\vmg to the voltage to w hich the sheaihs of such cables arc raised- The 
VO tage ^adjent at the surface of the earth may also constitute danger to 
jue Ihc lormer risk arises mainly in connection sviih large electrode 
syStemsj rs at power stations and substatioju. 


1 Danger to life occurs principally with pole-mounted subslatiom on 

by no uncommon for the 

that faults arc not cleared within a short 
trouble sometimes occurs at factories and famis v^rh«re 
r^cd^l^ ^ provided for individual appliances, An effective 

Jicutral conductor at some point on the system 
earthing the neuti^l at the 
electrodes mav in the case of wood-pole lines, pipe or rod 

"! insulated leads. The maximum 

deeSc^Ts L ^ ^ 2 >cm diameter pipe 

ground level to nearly 20 percenSs^'ercen?'^ f ^ 

I m respectively t«low the ground Svel ^ “ 
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dangeram at points remoic tvom die substation, or alternatively giving the 
to danger wilhin the resistance area of the electrode \vhich can be reduced 
only by introducing a good connection with the general mass of ihe earthy 
If the metal fence is unavoidable, it should be earthed, 

7* TYPES OF EARTH ELECTRODES 
7-1 Rod and Pipe Electrodes ( Fig* 4) 

7.LI These electrodes shall be made of metal rod or pipe having a clean 
surface not covered by paint, enamel or poorly conducting material. 

7.L2 Rod electrodes of steel or galvanized iron shall be at least 16 mm 
in diameter and those of copper shall be at least 12'5 mm in diameter. 

Pipe electrodes shall not be smaller than 3B mm internal diameter 
if made of galvanized iron or steel and 100 mm internal diameter Lf made 
of cast iron* 

7^1*4 Electrodes shallj as far as^pracdcablc, be embedded below perma¬ 
nent moisture kvcL 

7-1.5 The length of rod and pipe electrodes shall not be less than 
2*5 mi 

7.1,6 Except where rock h encountered pipes and rods shall be driven 
to a depth of at least 2'5 m. Where rock U encountered at a depth of less 
than 2 5 the electrodes may be buried inclined to the vertfeaL In this 
case too the length of the electrodes shall be at least 2'5 m and inclination 
not more than 30® from the verticals 

7*1,7 Deeply driven pipes and rods arCj however, cfFccdve where the 
soil resistivity decreases with depth or where substratum of low resistivity 
occurs at depth greater than those to which rods and pipes are normally 
driven. 

7*1*8 Pipes or rods, as far as possible^ slial] be of one piece* 

7*1-9 For deeply driven rodSp joints between sections shall be made by 
means of a screwed coupling which should not be of greater diameter than 
that of the rods which it connects together- 

7.1,15 To reduce the depth of burial of an electrode without increasing 
the resistance, a number of rods or pipes shall be connected together in 
parallel. The resistance in this case is practically proportional to the 
reciprocal of the number of electrodes used so long as each La situated 
outside die resistance area of the other [ Fig, 5 }* The distance between 
two electrodes in such a case shall preferably be not less than twice the 
length of the electrode. 
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7.1*11 If nccessarj^j rod elec trades shall have a galvanized iron water 
pipe buried In the ground adjacent and parallel to the electrode itself* 
Ifs one end shall be at least 5 cm above the surface of the ground and need 
not be more than 10 cm. The diameter of the pipe shall be between 5 cm 
and 10 cm- The dlfiercncc between the lengths of the elec trade and that 
of the pipe if under the earth^s surface shall not be more than 30 cm and 
in no case shall the length of the pipe exceed that of the electrode* 


7.2 Strip or Conductor Electrodes 


7^2*1 Strip electrodes shall not be smaller than 25 mm X I'GO mm if 
of copper and 25 mm X 4 mm if of galvanized iron or steel* If round 
conductors are used as earth electrodes their cross-sectional area shall not 
be smaller than 3"0 mm’ if of copper and 6 mm* if of galvanized iron or 
steeh 
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lrcncl.o or dilriios „o, fe, ,h.„ 0-5 „ 

from a Joint. ^‘^cutar trench or in a mimbcr of trenchei radiating 

be !aid cither irpSritrSiTi? in T^dSTcMSSs^^ 

7.3 Plate Electrodes ( Fig, 6 ) 

. Jd;^o"^“3o r- »•■“' ■'»“ <» ■»■ 

than 315 mm in thickness. electrodes of copper shall be not less 

7J.2 Plate electrodes shall be of si.e at least 60 cm x 60 cm. 
not less than 1*5 m ?rom*ic sn'fa^ ^ 

required value, tw^ or'^mSe'^plato^shaH b!? jled u 

?-3.5 Plates shall preferabljr be set vertically. 

carrying c^acity'^i^^hc p'rTme^coiJfdSSm current 

stations ana substations. ” * cxainplej Jn generating 

P'P®^«J verdcal'ly^nda!£^m^tJp”l^^ gabanized iron water 
3halJ be at least 5 cm above the See of P‘P^ 

than JO cm. The internal diameter o' the pin^sr!? ^ more 

need not be more than 10 cm. Tlic JrnirFU ^ ™ ^nd 

jur&cs shall be such that ii should bo able* 

.t”p'iar'■'r" ■■ Cd. 

7*4 Cabiif^ SlifrftiUtg 

7.4.1 Where an. extensive underarotind 

'""■5!^ armoured cab£ ^ lead 

providi^ the bond across the joinu i. L 1* electrodes 

ns of the sheath. ^ Uic same conductivity 
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7.4.2 The resistance of such an earth electrode systcni is generally less 
than 1 ohin. 


e. DESIGN OF earth ELECTRODES 

3.1 Effect of Shape on Electrode Resistajice 

3AA With electrode^ the greater part of the fall in |30tentiaJ occurs In 
the soil within about 2 ni of the electrode surface^ since it is here that the 
current density is highcsE+ To obtain a low overall rcabtance the 
current density should be as low as possible in the mediutn adjacent to ihe 
electrode and should decrease rapidly wiih distance from the elcctrodcp 
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and the electrode with its imaec in ’L Lr ® * dielectric 

condenser in f,„ “““"'^ “’• 

100 p 


where 


j? f 


J* resistance In an infinite medium, 

P - resistUity of the medium in ohm-nietre, and 
C _ capacitance of the electrode and its imag^ i„ 

of *' ■""'™ “ '■M'^ i"t“ ■«- b>- .bn plnn. 

rt ^_ 1 00 p 

~ 2^ C 

Itnown together v-ith i^^rtStfvi’ty ofThe sLrroul^^ « 

the electrode can be calculated^ This _ r^istanceof 

simple forms of electrodes. pacitance i$ known for some 

Applying this principle, resistance of pipe and ro,1 -u . j 

•rode, .he misaS^e ™y brl"eId.'Sd1Sm"i!^ 




!®_P_J_ 4/ 

2 jzt -j^ohms 


ts'herc 


p = resistivity of soil in ohm-metre, 

/ = length of rod or pipe in cm, and 
d ^ diameter of rod or pipe cm. 
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8 - 2.1 Gaitsider^tiqn of the above formula wllJ show that theoretica! 
icsjstancc to earth of a dnven rod electrode depends to a large degree upon 
its buried length and to a lesser extent upon its dJametcr. 

8p 2.2 Figure 7 Indicates that when driven in soil of uniform, resistivity 
the resistance of a rod electrode decreases with depth but that there is 
little to be gained by driving the rod to more than 3 to 3'5 metres. 

8.2,3 Figure 7 also indicates that decrease in theoretical resistance with 
increase in rod diameter is not large. It is therefore recommended to use 
the rod of such a diameter that can easily withstand the strain of driving. 



200 


CURVE 

A 

B 

C 

D 

£ 


ROD DLA^cm 

2-50 
3‘75 
5-DO 
7-50 


□RIVEN DCPTH IN METRES 


Fig. 7 Theoreticai. Varjation of Resistance with Dhrtk for 
Rod ELEctttoDEs of Various Diameters with Earth Resisttvitv 
OF 100 Ohm-Metre { Asscmep Uniform ) 


8^3 Strip Electrodes — In designing strip eJcctrodcSj the resistance may 
be calculated from the following formula: 


i^ = 


100 p 

2t.I 


logi 


288 f» , 

-olims 

w i 


tvhere 


p ^ resistivity of soil in ohm-mctrcj, 

/ = length of the strip in cm, 

i = width (in the case of strip) or twice the diameter (in 
the case of round conductors } in cm^ and 

w = depth of burial of the electrode in cm. 

&.3»1 Constderation of the above formula wtH show that variadon in 
the width of strip or depth of burial have little cHcct on the resbtance value. 
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3.3.2 It is recommended that the electrodes should be buried at a depth 
of not less than O'5 metre. 

B.3.3 Figure 8 indicates that the resistance of a strip electrode decreases 
appreciably with increase in its length 



LENGTH OF ELECTflpDE IN 
HETBES 

Fio. 8 Effect of LENorn op Strip Electroees on Galcoulted 
Resistance for Soil Resistivity of lOO Ohm^Metre 
[A sstniEO Uniform) 


8.4 Plate Electrodes — In designing plate dectrodcSj the resistance may 
be calculated from the following formula: 


R 



ohms 


where 


P = resistivity of soil in ohm-metre, and 
A = area of both sides of plate in cm*, 

8.4.1 In practice little gain is obtained by Increasing the plate area of 
one side by more than 1 *73 m*. 


8, EARTH BUS AND EARTH WIRES 

9.1 General Reqairements 

9,1,1 The miiumum allowable she of earth wire is determined princi¬ 
pally by mechanical consideration for they arc more liable to mcclmnical 
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AMENDMENT NO, 1 SEPTEMBER 1967 

TO 

IS : 3043-1966 CODE OF PRACTICE FOR EARTHING 


This amendment is being issued to permit the use of aluminium far 
the purpose of earthing. However,' it is emphasiied that alumimum 
should be used only above ground and provided it does not come 
in contact with watls, fioors, etc, 


Corrigendum 

( Page 31, clause 9,2,2, line 2 ) — Substitute ‘ if' for ‘ is 

Alterations 

( Page 13, clause J — Substitute the following for the existing 
clause: 

‘ 4.7 Earth continuity conductors and earth wires shall be of copper, 
galvanized iron or steel or alvuninium. The minimum size of these 
to be used on any installation shall have a nominal cross-sectional 
area of not less t han 3 mm- if of copper and 6 mm* if of galvanized 
iron or steel. The actual size will depend on the maximum fault 
current which they will be required to carry safely ( see 9,2,4). 

Note 1 — The veo of aluminiutu bo restrwted to tha ^riioit of 
tbe eartli HjnductoraboVD freund and pri>vidmi il doei d&t cem» m contact 
with walU^ flioon, 

3^dtE inlnimum bim of aluininiuia e*rth continuity 

coDducionJ and enrt h li iieft ia under coiuid&mt * 

(Page 31, clause — Substitute the fallowing for the esisting 

clause: 

* All earth wires and earili continuity conductors shall be of 
copper^ galvanized iron or steel or aliuniuiuin* 

( Page 31, clause 9.2.4 ) — Substitute the following for the existing 
clause: 

* 9.2,4 The nunimuin size of copp^sr and alumlnluin earth wires 
and earth conUuuky conductors corresponding to various sizes of 


I 



I 


current carrying conductors shall be as follows: 


Cross-Sectional Area of Cross-Sectional Area of 

Current Carrying Conductor Earth Continuity Conductor 
nun* mm* 


4 

6 

10 

16 

25 

35 

50 

70 

95 

120 

150 

185 

240 

300 

400 


4 

4 

6 

10 

16 

16 

25 

35 

50 

70 

70 

95 

120 

150 

185 


— Th« miDiRtum *iMS olifon. and atoel earih wtt«a aju) 
aartb coDtiniiity c^ndtietera ara imdar conaidiemtloQt ' 


Addenda 

{Page 31, clause 9.2,2 ) — Add the following Note at the end of the 
clause: 

' Ndtk—TIw Rlimmuin tiXa of alnmioivin earth Wirdt and earth tMalinuUy 
coaductor* is under coaBidenitiaD, * 

( Page 36, clause 12.3.2 ) — Add the rollowlng Note after para 1: 

*Kqtk — The miainiuiii size cf aluaiiaitim earth eontiauity coaduct^ars is 
under eoasidemiiaD.’ 

( Page 36, clause 12,4.2^ Page 37, clause 12.7.2; Page 39, clause 14.2.li 
and Page 41, clause 15,1.1 ) — Add the following Note at the end of each 

claijse: 

* ifCTlt — The miUiiiniurk alummibin oaxth vflrei lA ucdfir 

(52j ctiius& 2 } ■ — Add the words * or ^iluminiuin * 

after the words ^ or stctl \ 

( Page 52, clause 17.3,2.4 ) — Add the following Note at the end of 
the clause: 

^ minhnuiii Biz« of alumiTiiuizi carclk wires and oarth f^dctLaqiiy 

fMipdualors id tiddbr doDHideration^ * 

( 52j ci£tus£ 17«3ia2«iS^y /iiTf 3) ““Addthe word& *aiiid alumiiiiuni’ 
lifter the words * iron and steel \ 

2 


irnnicd At J'rJaClnt W^rki, Ktw Ueian, IdJIa 
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injury and should therefore be strong enough to resist any strain that is 
liicly to be put upon them- 

9.1.2 Every earth wire shall be either of copperj galvanized iron or 
steel. 

9*1.3 They shall be cither stranded or solid bans or flat reel angular 
strips and may be bare provided due care is taken to avoid corrosion 
and mechanical damage to it. 

9,1^4 Interconnections of earth continuity conductors and main and 
branch earth wires shall l^e made in such a way that reliable and good 
eIcctricaJ connections are permanently ensured. 

Note — Weldedj hched and daniprd jointA arc petmtsiible. For Slrandcd canductori, 

slm^c connccidpre (Jar ciiamjjlcp ind^ntedj rivcied or bdird coruicdorE) ar< pcrtcihsibEc* 

BoUed comnecToTS and [heir screwa shall be protected agiiiiut im>' po&sible con-osioo. 

9^1*5 The path of the earth wire shallj as far as possible;^ be out of 
reach of any person. 

9.1.6 If the metal sheath and armour have been used as an earth 
electrode, the armour shall be bonded to the metal sheath and the 
connection between the earth wire and earthing electrode sliall be made 
to the metaj sheath. 

9.1.7 If a clamp has been used to provide connection bcUveen the earth 
wire and the metal sheath and arniow, it shall be so designed and 
installed as to provide reliable connection without damage to the cabl^^. 

9d,S The neutral conductor shall not I>c used as earth w ire* 

9,2 Size of Earib liVires 

9*2*1 The current carrying capacity of an earth w’ire is determined by 
the maxifTium fault current w'hich it w'ill have to safely carry In the 
event of fat lure of insulation and the duration of that current. 

9*2,2 No earth wire shall have a cross-sectional area less than 3'0 mni* 
is of copper and 6 mm* if of galvanized Iron or steel cxccpi in portable 
cqutpmcni whose current-cariy'ing conductor has a croiw-sectional area 
less chan 3*0 mm*. In such a case the earth wire should have a 
cross-sectionaI area equal to that of current-carr>dng conductor. 

9.23 The main earthing ring of any ijistalJatjon shall not be less than 
75 mm^ in cross-sectionaj area. 

9*2.4 The minimum size of copper earth wire shaJl be nearly half 
the size of the con-esponding current canwing conductor [ also IS :434 
( Fart I )-1964* and IS t 692.l965t ] 

Note — The minbxiiiin sizes of ir^n and steel fean h wijrei are under cdnsjdcratio'n^ 

*Spcicilication for njbber-iiuulatRd cahlc^ Fvt t; With c«ippcr conductors f ripiMJ). 

tSpcdEcativn for paper^losulaicd Itad^heaihcd cables for electricity supply (rjirne/]!. 
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10. MEASUREMENT OF EARTH ELECTRODE RESISTANCE 

10,1 Fall of Potential Method^ In ihis method two auxtliarv earth 
bc^es the t«t el«(rodc, are placed at suitable distances from 
j I" current h passed between the 

.'^1 auxiliary current electrode ‘C' and 

the potential difference between the electrode ‘A' and the auxiliarv 
potential electrode ‘fi’ is measured. The resistance of the test electrode ‘A' 
IS then given by: 


wh-erc 


R = rcibtatiee of the test electrode in ohms, 
V = reading of the voltmeter in volts, and 
^ ™ reading of the ammeter in amperes. 

AMMETfift 

CUWtENT n 0“ -- 

SOURCE ^ 






^:^77?777777777?r. 

* 

a 




aeemoDE 

Fig. 9 


ELECTROOE 


CURRENT 
ELECTROOE 

Method of Meascthesient of Earth 
Edectkode Reshtance 


10.1.1 If the test is made at power frequency, that is 50 c/s the re^ts 
tance of the voltmeter should be high ^mpar^ to that of the 
potential electrode ‘R’ and in no case should be leas than 20 000 ohms,’ 

vsTue. If the lattng CUircnt U of the Hme tftaula^ ai m the 

iKMmw Y^ry diffimU and it is better U* iJiH eti^ation 

generator, Thtac earth tralen ujuatlv eencraie direct * hand-dmui 

rnerser and synchmn<ius restifier mciSited the /h"*fT cinrent. 

current u supplied to the ten «rcuit and the that ali^iifle 

me^oneni tyy a direct-reading nu>ving.coiluhqi-m^t« Theo^^ 

111 the *oi[ u indjcatcd by a windcnniz of the 

decreaie of generator hai^k ip«d will wtae AU '*‘"**** ^ 

10.1.2 The source of current .shall be isolated rmn, tE. i ,. 

double wound transformer. by a 
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lO.l.S' At the time of test, where possible, the lest clcctiode shall be 
separated from the earthing s^'siern. 

10.1.4 The ai^iliary electrodes usually consist of ]2'5 mm diameter 
mild steel rod driven up to 1 m into the ground. 

10.1.5 AM the test electrodes and (hecurrent electrodes shall be so placed 
that they arc independent of the resistance area of each other. If the 
test electrode is in tlic form of rod, pipe or plate, the auxiliary current 
electrode ‘C* shall be placed at least 30 m away from it and the auxiliary 
potential electrode ‘5’ shall be placed midway between them. 

10.1.6 Unless three consecutive readings of test electrode resistance with 
ilierent spacings of electrodes agree the test shall be repeated by increasing 

the distance between electrodes ‘A’ and ‘C’ up to 50 m and each time 

placing the clccirf>dc midM^ay bcuvccn them. 

10,2 Alternative MetHad 

10*2*1 The mcihcMl clescrlbied in 10,1 may not give sudsfacLory rc^ulis if 
the tesI electrode is of vtvy lovr impedance ( one ohm or less). This applies 
particularly, Avhilc measuring the combined resistance of large installations. 
In these cascsj the foJIoiiing method may be adopted. 

10,2*2 Two suitable directions^ at least 90 degrees apart, are first 
Selected. The poientJaJ lead is laid in one direction and an electrode 
IS placed 250 to 300 metres from the fencer The current lead is taken in 
the other direction and ihe current electrode located at the same distance 
as the potential electrode, A reading is taken under this condition. The 
Current electrode is iiien moved out in ^O^m steps until the same reading 
IS obtainetl for three consecutive locations. The current electrode is then 
left in the last foregoing posiUon and the potential electrode is moved out 
m 30-m steps until three consecutive readings are obtained without a 
change in value. The last readings then correspond to the true value 
of earth resistance, 

11* MEASUREMENT OF EARTH LOOP IMPEDANCE 

ILI The current which will fio^v under earth fault conditions and will 
thus he available to operate the overload protection depends upon the 
impedance of the earth return loop. This includes ihe line conductor, 
faulty earth-continuity conductor and earthing-Jeadj earth electrodes at 
consumer's premises and substations and any parallel metallic return to tJic 
transformer neutral as well as the transformer winding. To test the overall 
earthing for any ins tallati on depending for protec don on the operation 
of overcurrent devices* for example, fuses, it h necessary to measure the 
impedance of this loop under practical fault conditions. After she supply 
has Ijcen connected this shall be done by the use of an earth loop 
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impedance tester as shown in Fig- 10- The ncuirai is used in place of the 
phase conductor for the purpose of the test. The open-circuit voltage 
of the loop tester should not exceed 32 volts. 



J H ammeter 
fi = neem mdicanjr 

C = m^n swhcli 
D = teat wUdi 

£ H eonjumcr'i earth clcclrodc 


F = supply fujca 
/* = pc>Inrity awitch 
5— Tubilation earth ckciTtjdtf 
= voitmeter 


aj-c provided for insertion of plufti for c4>nn-cctioTi to exlcmal noulr^! Eiiid/or 
c±rth conductors if deaired. 


1 _ Arrows show cofreni How in nnitrHlj'carih loop. 

Not* 2 — Supply iyslcm is shown dotted- 


Fig. 10 CiRCiUiT Diagram of Eartii Loop lHpi.DANC£ Tester 


SECTION 1 BUrLDlNOS, JNDUSTfllAL LOCATIONS 
AND MISCELLANEOUS ELECTRICAL APPARATUS 

12. earthing of installations in buildings 

12.1 Basic Requirements for Eartklng 

12T<1 The inslallatioris shall generally be carried out in accordaiicE with 
the Indian Electricity Rules 1956 as amended from time to time. 

12-1.2 The earthing arrangcmcnls of the consumer's installation shall be 
such that on the occurrence of a fault of ne^ligthle impedance from a phase 
or non-earthed conductor to adjacent exposed metab a current corresponding 
to not less than three and a half times the raimg of the fuse or one and half 
times the set ring of the overload earth leakage circuit-breaker will flow' 
except where voltage operated earth leakage dreuit-breakers are used and 
make the faulty circuit dead* Where fuses are used to disconnect the faulty 
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section of an installation in the event of an earth fault, (he total permissible 
impedance of the earth fault path may he compoietl from the following 
formula ( for a normal three-phase system with earthed neutral 

Ph asc-to-carth voltage of system _ 

Minimum iusing correni of fuse X factor of safety 

where 

^^permissible impedance in ohms. 

12.1.2.1 The factor of safety in the above formula ensures that in most 
cases the fuse will blow in a lime which is sufficiently sliort to avoid danger 
and allowing for a number of circumstances such as the grading of fuse 
ratings, increase of resistance due to drying out of the earth electrodes in 
dry weather, inevitable extensions to installations involving increase in 
length of the circuit conductors and the earth continuity conductors, etc. 

12.1.2.2 It will be ob«er\'cd (hat this ff.quiremcnt determines the 
overall impedance and docs not contain a specific reference to :iny part of 
the circuit such as the conduit or other earth continuity conductor together 
with the earthing lead. In fact, in large installations the os'crall impedance 
permissible may be less than 1 ohm, so that coiisidcrably less than this 
might be allowable for ihc eartlii conljnuity sysscni- 

12.1,3 It is desirable when planning an installation (□ consult the supply 
authority or an electrical contractor having knowledge of local conditions, 
in order to ascertain vvhich of the two, namely, t he use of fuses or overload 
circuit-breakers, for protection against earth-leakage currems is likely to 
prove satisfactory. 

12.x.4 It is recommended that the maximum sustained voltage developed 
under fault conditions betw’ccn exposed metal required to be earthed and 
the consumer’s earth terminal shall not exceed 32 volts rms. 

12.2 Earth Electrode — Only pipe or rod eartli electrodes arc recom¬ 
mended and they shall satisfy the requirements of 6 and 7.1. 

12.3 Earth Continuity Condnetors 

12.3.1 Connection to earth of those parts of an installation which require 
to be earthed shall be made by means of an earth continuit^y conductor 
which may be a separate earth conductor, the metal sheath of the 
Or the earth contiauLty conductor contained in a cahlcj flexible cable or 
flexible cord. Water pipes shall not, under any cirttimstances, be used as 
earth continaity'condactors- 

12*3*2 Stp^aU Earth ConimtiHjp Condu^t^r ^ The cross-scctio^l area of 
every separate copper earih-continuity conductor not contained in a cable, 
flexible cable or flexible cord should be not less than about one-half that of 
the largest current-caming conductor feeding the circuit, and in no case 


35 





IS i 304J - 19*6 


shall any separate earth continuity conductor have a cros^-scctional area 
less than 3 0 mm* if of copper and 6 mm* if of galvanized iron or steel, 
li need not have a cross-sectional area greater than 65 mm* ( copper )* 

The conductance of any earth-continuity conductor installed in lieu 
of copper shall be equivalent to that of the copper conductor specifted* 
W3iere an earth-continuity conductor is to be connected to another, their 
surfaces shall be suitably protected against corrosion. 

12^3^3 Earih Coniinuiiy C&nduiiors Contaimd in Cablfj —-The cross-sectional 
area of carth-continulty conductors contained in flexible cables or flexible 
cords should be equal to that of the current-carrying conductors. Cross- 
sectionuL areas of earth-continuity conductors contained in irietal, tough 
rubl>er or PVC sheathed cables should comply with the appropriate Indian 
Standards. 

12.3.4 Cable Sheath Used as Earih Contumil}* Cafiduclars — Where the 
metal sheaths of cables are used as cartli-cdntinuity conductors, every joint 
in such sheaths shall l>e so made that its cmrent-carryung capacity is not 
less than that of the sheath itself Where necessary, they shall be protected 
against corrosion. 

Where non-metal lie joint boxes arc used^ means shall be provided to 
maintain the contmuityj such as a metal strip having a resistance not 
greater than that of the sheath of the largest cable entering the box. 

12.3.5 Metal Canduit Pipe U^ed as an Earth Cofitinaiij Candackfr — Metal 
conduit pipe shouJd generally not be used as an earth continuity conductor 
but where used a very high standard of workmanship in instaLladun is 
cssentiaL Joints shall be so made that their current-carrying capacity is 
not less than that of the conduit itself Slackness in joints may result in 
deterioration and even complete loss of continuity. Plain slip or pin-grip 
sockets are insufficient to ensure satisfactory electrical continuity of joints. 
In the Case of scrcivcd conduit, lock nuts should also be used. 

12.3.6 Pipes and Struetatai Steel — Pipsis^ such as water pipe, gas 
pipe, or members of structural steel work shall not be used as earth- 
con tinuit>' conductor. 

12.4 Earth Wires 

12.4.1 Earth w-ir« shall be protected against mechanical damage and 
possibilit)' of corrosion particularly at the point of connection to earth 
electrode or earih^coniinuity conductor. 

12.4.2 All earth wires shall have a croas*sectionaI area not less than 
about onc*halfof the largest conductor to be protected but in no case shall 
have a cross-scctional area less than 3-0 mm* if of copper and 6 mm* if of 
galvanized iron or steel. 
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12*4,3 The connccUon of ih& earth wire to the earth electrode or earth- 
continuity conductor shalJ be readiJy acccssibJe and soundly made by the 
tisc of soldered joints or substantial clamps of non-fermus materials 

12«4^4 All joints shall be made on tinned surfaces, 

12iS Protection Against Earth Leakage 

12.5*I All mcial work, such as window bans, shall be isolated in such a 
vvay that they rannoc come in contact with any live part or earthed metal 
work. 

12.5>2 It 15 recommended that lamp holders and lighting Bluings should 
be so arranged that in norma! operation no metal parts of lamp caps or 
lamp holders can be touchedn This may be achieved cither by a]] insulated 
constructiun of lighting fittings or by the provision of insulating shi^ouds for 
the lamp holders ^ 

12. € Banding — The metal sheath and armour of cable, metal conduits 
and odier earth-continuity conductors shall be kept electrically separate 
from the metal work of other services, and particularly from pipes carrying 
gases or Aammablc liquid where It is necessary to bond earth-continuity 
conductoi^ or the metal enclosures of cables, conductors or other apparatus 
to specilic non-electrical equipment like pipes, the latter shall be kept 
electrically separate from other non-clectrical apparatus and the bonds 
shall be made at specified points. 

12-7 Earthing in Lifts 

12*7*1 Requirements of earthing in lifts shall generally conform to 
IS: ia60-1961** 

12.7*2 Frames of motor^ winding machine, control panel, and cases and 
covers of tappet switch and similar electrical apparatus which normally 
carry the main current shall all be earthed- The cross-section a! area of 
the earth wire shall not be less than about one^half that of each current 
carrying conductor to be protected but in no case shall it be less than 
3'0 mm^ if of copper and 6 mm* If of galvanized iron or steeh 

12,7,3 The exposed metal pans of electrical apparatus installed on a lift 
car sliall be sufficiently bonded and earthed* 

13. earthing of domestic fittings and appliances 

13.0 Earthing of domes Lie applianecis arbes in case they have only 
functional insulation. Appliances liaving rieiuforccd or double insulation 
need not be earthed, 

■Cc^e dTpractlee Tor InstalMtian^ opcnulon and imlntenance of clcclrk pawn^er and 

tfruirl* ITTic ^ 
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13.1 Plugs and Sockets — All plugs and sockets shall be of three pin 

tvpe, one of the pins being connected to earth. ^ 

13.2 Ligfadug Fittings — If the bracket trac lamp holders are of metallic 
construction u a recommended that they should he earthed. At) oedestal 
lamp fittings of metallic construction shall be earthed. 

13.3 Fans and Regulators — Bodies of all table fans, pedestal fans. 

exhaiLsi fans, etc shall be earthed by the use of three pin plugs. The 
covers of the regulators, if of metallic construction shall be earthed bv 
mL-ans of a sepstrate earth wJrc^ ^ 

13.4 Cooking R^ges ^Bodies of hot-platcs. kettles, toasters, hcatei^, 
oveus, uatcr hojlc^ shall all be earthed fay the use of three pin plugs 
However, if fixed wiring has facen med. then a separate eanh wit e shall be 
iiicrt for earthing these apphances. 

— The body of automatic electric water heaters shall be 
earthed by the me of a three pin plug or by a separate earth wire, if fixed 
w'lnng ha* been done. All iiOii.electrieal metal work including the bath 
tub, metal pipes, sinks and tanks shall be bonded together and earthed. 

13.6 Rwlio Sets - From the point of view- of good reception it is rccotn- 

earthy through an electrode difTereni 
fmm that of the mam ^nh system for other dcctrical appliance*. 

m?v ft A separate earth electrode, radio sets 

niA) be carEliccl ihrougli the main tAtih system^ * 

13.7 Miscellaneotis Apparatos - Where appliances utilixing «as and 
electricity are in use for example gas-hcatedTlectricallv^lriven washing 
machui«, d,e inlet end of the gas supply shall be either fitJed witJ, a siron? 
insulating bush substantial enough to stand a Bash test of 3 500 V anK 
designed as to be difficult to detach, or, tvhere it is desirable or neecssar? 
tha metal svork in pmximtty to electrical apparatus be bonded iTSe 

sh.ill be introduced through a non-conducting plastic pipe from a^point^not 
m pro^mity to earthed metalwork. Where sepa^Son is nJt easily 
achieved, For example, as jn cases of direct coupled mfitor-driven eas 
boosteni and motorized gas valves, the mctahvorlt i ^ 

men, shall be bonded tS the metal or pip^^r^f ^ 
sucli eases the addition to the motor control gear ofa diflTwm^i ™ ‘ * 

l»l,n„ .ype^cij:uu-l„e.l„ d„ig„.d ''S 

current, ^vculd afford a desirable safeguard aGain^t fault r 

specially wto. .be ruing of ,hn pl/n. U 

The refrigerators, air conditioners and coolers dectrir 
electric irons, etc, shall all be earthed by the use of three pbVu^!^ ’ 
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14. EARTHING IN INDUSTRIAL PREMISES 

14.0 Tn factories and workshops all metal conduits, trunkings cable sheaths, 
switchgear^ distribution fuse boards, starters, motors and all other parts 
made of metal shall be bonded together and connected eo an eflicient earth 
s^r5Eeni+ The electricity regulations made under the Factories Act require 
that adequate precautions shall be taken to prevent non-current-can^dng 
metalwork of the irtstalLation frfjm becoming electrically eharged+ 

14.OJ In larger installations^ having one or more substations^ it is 
recommended lo parallel all earth continuity system- 

14*1 Earth Electrodes — Any of the earth electrodes as mentioned in 7*1, 
caccept cable sheath* may be used in industrial premises. They should 
satisfy the requirements of 6.1 also^ 

14^2 Earth Continuity Conductor 

14.2.1 Ail earth continuity conductors shall have a cross-sectional area 
not less than about half that of the current-carrying conductor and in no 
case shall be less than 3"0 mm" if of copper and 6 mm* if of galvanized 
iron or sieel. It need not have a cross-sectional area greater than 65 mm* 
of copper* 

14*2.2 Conduits may be used as earth continuity conductors provided 
they arc permanently and securely connected to the earth system* They 
shall also satisfy the requiicments of !2*3*5 h However where by nature of 
the process metal conduits cannot be used as earth continuity conductor on 
account of corrosion* etc, tough rubber or PVG sheathed cable? may be 
used in which case they shall incorporate an earth continuity conductor* 

14.2-3 Flexible conduits shall not be used as earth continuity conductofSp 
A separate earth wire shall be provided either inside or outside the Bcxible 
conduits which shall be connected by means of earth clips to the earth 
system at one end and to the equipment at the other end* 

14.3 Earth Leakage Proteetiou — Use of earth leakage protection shall 
be made where greater sensitivity than provided by overcurrent protection 
is necessary. VVith a good earth electrode, overload protective devices may 
lie used as earth leakage protective device, 

14.3.1 In addilion to the advantage of sensiilvity gained by such 
methods, the circuits may be relicv^ed of the thermal and mechanical shocks 
associated with the clearance of heavy faults. 

14-3,2 Some degree of discrimination may in certain cases be introduced 
w ith advantage by providing the delay in the operation of an earth* leakage 
trip, so that earth faults on smaller subsidiary circuits protected by fuses 
have lime to clear and prevent the opening of the circuit-brcsikcr^ control¬ 
ling a larger part of the imtallation* * 
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14,-f Fire PrateceiQH ~ In parts of factories in which there is risk of fire 
or explosion due to the use of Hammable materials, not only shall flame¬ 
proof apparatus be used, but isarticular attention shall be paid to the 
of screwed conduit joints in order to ensure that under fault 
conditions no hot spot or arcing between lengths of conduit may lead to 
ignition wiih coaieqttent flre or explosionp 

14.5 Earthing of Portable Appliances and Tools 

14«5«0 Portable appliances and tools having reinforced or double jnsula- 
tion need not be earthed, 

14*5,1 Good electrical continuity between the body of a portable 
appliance and the earth coniinnity conductor shall ahva^-s be maintained- 

14,5^2 It shall be ascertained that the lixed wiring at the appliance inlet 
terminals has been done correctly and in accordance with IS i 732-l^l63♦. 

14*5.3 A single pole ^w^itch shall not l>e connected In the earth conductori 

14.5*4 Only three pin plugs shall be used. The plugs shall satisfy the 
requirements of relevant Indian Standard. 

14,5.5 No twisted or taped joims shall be used in earth wires. 

14*5 Additional security may be obtained by arranging the earth 
continuity conductor in the flexible cable between the socket outlet and tlie 
portable appliance in the form of a loop through which a light circulating 
current p3i>vidcd by a small low-voltage transformer is passed when the 
appliance is m use. Any discontinuity In thU loop will interrupt ihc 
Circulating current and can thus be caused to operate a relay and discon¬ 
nect the supply from the portable appliance ( set Fig. 11 J 



FlO* ] I CtRCULATtNO Ct/HREN'T PROTECTION FOR 

Portable Apparatus 

vo!r.E. „.t ^^ccrclmg 
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IS, EARTHiNCi OF MISCELLANEOUS APPARATUS 

15.1 Eartfaiitg of ElectricaUy Driven Macliine Toots 

15.1 vO Earthing of eleclrically driven machine tools shall he done 
generally in accordance whh 0 of IS: l35G'-i964*. 

15. LI iTTcspcctive of the size or type of machine tool^ the bed plate of 
the machine shall be eajihed by means of a strip or condtictoir of not less 
than 6'5 mm* cross-sectional area if of copper and IG mm* if of galvariizcd 
iron or stecL Tlie strip or conductor shall he securely fastened to the bed 
plate by means of a bolt. 

15.2 Eartliing of Electric Arc Welding Equipnieiit 

15-2*1 All components shall he effectively bonded and connected to earth* 
The transformers and separate regulators formhig multi-opera tor sets and 
capacitors for posver factor correctionj if used^ shall be included in the 
banding. 

15*2 v2 All terminals on the output side of a motor generator set shall be 
insulated from the carcase and control paneh as the generator is not 
connected electrically to a motor and therefore the welding circuit is 
electrically separate fi?om the supply circuit including the earth. 

15.2.3 In case of transformer sets^ which for welding purpose are double 
wound^ an ^ eai^th and ii^ork ^ terminal shall be provided. In single-phase 
sets this terminal shall be connected to one end of the secondary winding 
( see Fig. 12 ) and in case of ihree-phase sets this shall be connected to the 
neutral point of the secondary winding. 


WELKNG TflAfiSFt»?NlEff 



Kox® — If the return cable *A^ ii not connected to the wortpiccr, Holding cuincfil 
will return via cabk 

Fio, 12 Earth and Work Connection for Weeding 

♦Genern] rrquirementi for ciccirkal equipment Dfinaebine tools ( rrnW). 
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15^3 Earthing of Industrial Elcotronio Apparatus 

15*3«0 The carthirtg of these apparatus shall follow normal practice but 
attenuon shall be paid to the points disciissed in 15-3.1 to 15.3.5, 

15*3 J Any industrial electrouic apparatus which derives its supply fi oni 
two pin plugs incorporates ^tnall capacitors connected between the supply 
and the metal ease of the instrument to cut down interference. This 
capacitor shall be securely earthed* 

15*3.2 When an oscilloscope Ig being used to examine the w-aveTorm 
of a high frequency source, the oscilloscope shall be earthed by a conductor 
entirely separate from that used by the source of high ffequcnc>^ power. 
However, w hen an oscilloscope is being used on a circuit w'here the negative 
is above earth potential and also connected to its metallic case* the 
prthing of the oscilloscope is not possible. Precautions shall be taken that 
in such a case the oscilloscope h suitably protected from other apparatu,s, 

15*3*3 High frequency induction heating apparatus shall be earthed by 
means of separate earth wdre by as direct a rouLc as possible, 

15*3*4 Dielectric losi Exciting equipment ^vork at frequencies betw'een 
10 Mc/s to eo Mc/s according to iis use. These should not be dirccslv 
earthed. At 30 Mc/s for example, a quarter wave-length is nearly 
^50 cm and an earth wire of thi^ length or odd cnultlpies of it Is capable of 
being at earth potential at one end but several hundred volts at the other 
end. This is due to the presence of standing waves on the earth conductor 
which 3>csldcs being dangerous can nsuh in energ>^ l^elng radiated to the 
detriment of communication sei^ ices. In such a case it is recommended 
to mount the equipment on a large sheet of copper nr copper gauze, the 
earth conductor being connected to it at sex^erai points. 

15*3*5 la cartes wh-re direct earthing may prove harmftd rather than 
provide safety, for example, high frequency and mains frequenev corcless 
induction furnaces, special precautions arc necessary. The metal of the 
furnace charge is earthed by electrodes connected at the bottom of the 
and the furnace coils arc connected to the mains supply but arc 
tmearthed, A relay is connoted by a detection circuit which itself is 
earthed to the coils, T}je object Is to pi^vcni dangerous break tlirough of 
hot metal through the furnace Lining, the earth detection circuit giving a 
continuous review of the conditions for the furnace lining. When leakage 
current attains a certain set maximum it Ijccomes neccssorv to t^e the 
furnace out of service and to re-line (idso 4,2^1 

15-4 EarthJAg of Electro Medical Apparatus 

15.4.0 The earthing of tliese apparatus shall follow normal practice. 
HotvCNcf, since in many cases the apparatus is connected to a patient’s 
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body by inca-n^ of electrodes having a very low contact resistsncC| specml 
care has to be taken in design and installation of these apparalus, 

15.4.1 Biaiogkal Ampiijmi—All apparatus like elcctrocardiograplis, 
elcciroencephalogfaplis and elcctroniyographs shall be connected to a good 
low resistance earth. Unless a good earth is used^ it is likely that 
spurious signals from the supply mains may l'>e injected into thcampMfierp 

15-4*2 Suigkai Dicihrm TA^r^pfuiic Diaihfrmjf Apparaius — Hie 
chassis of all such apparatus shall be connected to a good earth. To 
avoid radio-frcqucncy intCTference frorn being fed into the mains these 
apparatus may incorporate a filtcTj litted with capacitors between the mains 
leads and earth. If these filter capacitors are of mo large value, any 
defect in the earth connection of the chassis may result in dangerous 
shocks, 

15.4,2.1 In the use of these appatams a radio-frecjucncy current h 
passed from a live clertrode of small area through the patient’s body to an 
' indtiTerent ' electrode of large area. This ^indifferent’ electrode h 
normally earihedj thus bringing the patient to earth potentsaU When 
radio-frcQuency current is passed thro'tt^h ihc patient, the only point which 
is really at earth potential is the * indifferent ^ electrode. If any person or 
object which is at earth jjotential or has appreciable capacitance to earth 
souches the patient^ some of the cuiTent %vi]t be diverted through the new 
path to earth resulting in btiming of either or both the patient and the 
peinon touching the patient, 

Cautcfy-Llghi — I’hese apparatus are used in operation 

iheatrcs to supply endoscopic lamps which arc introduced into b^^y 
cavities. Usually these instruments are basically transformers having 
low voltage secondiicy- Iri these instruments ^ earth free circuit shall be 
used. Therefore the imulaiion between primary^ and secondary Aviuding 
should be extremely reliable. It 3s recommended to interpose an earthed 
Screen between the primary and secondary windings. 

15.4.4 X-Ray Apparadu --The metallic sliicld in vvlikh the tube is 
enclosed shall be connected to earth to avoid the potent ial of the shield 
rising and thus protect both the operator and the patient from possible 
contact with voltages of the order of 100 k\ . 

16. maintenance of earth electrodes at CONSUMER’S 

PREMISES 

Ifi-l It is recommended that periodical check tests of all earth electrodes 
should be carried out. If possiblcj records should be maintainedi 

16.2 Where earth-leakage circuit-breakers are employed^ a check shall be 
kept on the associated car th-elcctrode by periodically operating the testing 
device which h embodied in the earth-leakage circuit- breaker^ 
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16.3 Tht neighbouring loU to the rarth dcctmtie shall be licpt moist, 
where necessary, by periodically pouring water through a pipe where Titled 
aloagtvith it or by pouring water in the immediate vicinity of the earth 
cJectrcKJe^ 


5ECTJON 3 SUBSTATIONS, GlNEHATING STATIONS 
AND OVERHEAD POWER LINES 


17. EARTHING AT SUBSTATIONS AND GENERATING STATIONS 
17,1 General Reqniremetits 

17*1 III Substations arid generating stations ihert shall be provisions For 
earthing the fulJowingi 

a) The neutral points of each separate systern which have to be 
earthed at the station. The various systems concerned may he at 
difTercnt voltage^; 

b) Apparatus, framef^vork and other non-cnrrcnt-carrylng metal wort 
associated with each system, for example, transformer tanks, 
switchgear frames^ etej and 

c) Extraneous metal framework not associated with the power 
System^ fcr example^ boundary' fcnrCj steel siructure sheaths of 
communication cables, etc. 

17*i*2 The neuEral points of systems of different voltages, all apparatus 
and framework and other non-cunrenUtarrying metal work may all be 
connected to one earthing system, 

17»1.3 Howevcrj if design considerations necessitate complete separation 
between systems at different voltages, separate earth electrodes shall be used 
for the neutral point of each supply system to be earthed at the site and for 
the extraneous metal work at each station and each system at a given site 
shall he isolated from the others and ffom extraneous metal work to 
withstand the maximum voltage which can be developed across any catch 
electrode at (hat site^ ^ 


17,1.4 From the point of view of safety to personnel, the aim shall l>e to 
ensure tliat in both normal and. abnormal conditions, no dangerous voltae-es 
appear on the apparatus to which a man has legitimate access. 


1 ■ ^ ^ ,r » relative term. Parciculariy with the 

high valtn^ *)r*t^ havifi* direeUy earthed nemraU it u not practieoble to wure th#t 
dunne fiu I eonditioosall nieUil part* narmalty cached a» at the Hue earth potential, 
rherrfofelheaimibiillbefo ensure that there U an effective conneetion of very low 
tmpe^nas and adetjuate eurrent-carmng capacity between the part, with which one 
way be m atmuliatieour CMiact. At the laine it j, rcecmiuetid^ to strange that 
ai tar as posublE large fault currenti do not Row between juch par ts. 
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17.1.5 From the point of view of the possible daniagc to apparati^ 
during fault conditions, it shall be ensured that the lowest practicable 
voltage appears between the earthed parts of station equipment and the 
main body of earth, so that insulation breakdown or burning docs not occur 
on apparatus connected to points outside the substation (for example, 
apparatus connected to pilot or telephone cables, cable sheaths, etc i, eor 
similar reasoics the voltage drop between earthed points m the station shall 
also he kept to a minimum. In addition, the eJTcctiveness of any surge pro¬ 
tection provided depends in part on the adequacy of the connection of the 
protective devices lo earth. In this ease the high mstantaneous currci^ 
oPen containing high frequency components, require that the ear ^ 
connection shall not only be ofiow resistance but of low reactance, that is, 
ag short and as free from changes of direction as pracitqable. 

17.1.6 When two or more neutrals are connected to the common earth 
bus, in case of a sliort-circuit all the neutrals will be rais«l above absolute 
earth potential to a potential which equals the product of the c^ent anO 
the resistance of the earth bus to absolute earth. In case one of the neutrals 
is that of a high voltage system, for example 11 kV. the whole system 
thereby be r^cd to a comparatively high potential above the earth 
established at another station on the low-voltage System. In some cases this 
potential may be high enough to endanger apparatus on the 

system and even to cndiingcr life. On the other hand^if the low-volta^ 

neutral is not connected to the common earth 

earth bus, then there will be a difference of potential 

voltage and low-voltage neutrals, and there may exist a dangerou ^ ^ 

gradient acioss the eartii surface which \wuld endanger life. In most 
eases with a low'-resistancc earth bus and the neutrals 
common earth s^-stem, there will he no danger to ^ 

and the advantage in keeping everything m the station at a 
potential above eanh will outtveigh the disadvantages. Extreme and 
unusual cases, however, may require special investigation. 

17.1.7 The disturbances transmitted from one electneal system to the 

other under fault conditions are not excessive if the ^ J' 

deeirodes are small compared with the total F 

fault currents. In high-volmgc systems at voltages of 66 kV and bclots, if 
eanh-fault currents arc not suitably limited by the nort^l 

the supply it shall be achieved by tlie insertion of resistors between the 
system neutral and earth electrode* Such resistors ^e not normally n«^ 
ssary for this purpose! on systems of voltages above 66 k\ where the sy-stera 
at the next stage of transformation can usi|ally 

ditions a ter^porary excess voltage of the order of the product of the 

' •The connexion bei^n neutral and »y such resbror diould be adequately iiwulaied 
from earib, 

tNeutralreslsfersniay.hnwrtw.bc necessary for Ollier rcasoBs, fw example, to cnmie 

stability of ibe system. 
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higher voltage fault curreni atid the earth electrode resistance although 
^vhen the transformaiion ratio Is large the electrode resistance should be 
kept low, 

lyilffi As an alternative to resistors for the abo%'e purpose, arc-suppres¬ 
sion coils rnay be used except on systems of very high wltagCi Further^ 
more, special attention should be paid to the long time fauli-cuTTent 
capaciiy of earth electrodes used on systems protected by arc-suppression 
coils ^ sti 6-2 Ji. Provision may be made for the automatic short-circuiting 
of arc-suppression coils after a stipulated period of fault. 

n.l*9 The earthing spiem shall be mechanicallv robust and joints shall 
be capable of retaining low^ resistance even after many passages of fault 
current* 

17-1,10 Joinu shall ?>c cither riveted^ bohed, brazed or %velded. 
Where the diameter of the bolt exceeds one quarter of [he width of the 
earth bar^ the connection to the bolt shall be made with a wider piece or 
L to the earth bar (Fig. 13 ). The design of joints 

shall be based on a maximum allou^able cemperature-risc, Hhich in the case 
of bolted Joints should lie limited to 250*C and for brazed Joints to 

\lain earth bars shall be spaced sufficientiy from the surface on 
which they arc fixed such as wall oi trenches to allmv for the connections 
to be made easily. Where a portable apparatus is lo be earthed a suitable 
loop attached to the earth bar shall be provided to accept the earthing 
clamp. 


17«2 Farth Electrodes 


1712*I The earth electrode sliali have low resistance^ depending on the 
system voltage and fault current envisaged, under all climatic conditions. 


17.2.2 The rise in poleniial between ihe earth system and the tjencral 
body of the earth shall be kept as low as possible. 

17.2.3 The earth electrode shall be capable of carrying such currents as 
may arise m normal operauqn and during fault and surge conditions wHth- 
out undue increase in resistance. 


17.2.4 The electrodes shall be so placed that all liehtninj? 
earths may be brought to the earth electrode by as sLrt and 

path as possible to minimize surge impedance. 


protective 
straight a 


1 tlie proip«tive fault current is high (more than G ), plate 

electrodes may be used in which case it shall not be less than i 2mx 1-2 m 
.. .„d of 12-5 mm if ™do of i„o or „„1 ^ h» if iid” 

of copper (waijs 17.2.8 ). 
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SECTtOM A A 



Kotb •'— Bolt diamricr ntncding tiiw-rourth the widlh orimiller itrip. 

Fic. 13 COfTJ^ECTioM OF Eartii Strips with Bolts 


17.2.6 As an allprnative (o jjlatcs, in the above conditions, cast iron 
pipes, not less than 100 mm in diameter, 3 m long and not less than 12 mm 
thick, may be used. 

17.2.7 As a further alternative to 17.2.5 and 17.2.6, mild steel pipes, not 
less than 35 mm in diameter, may be used. 

17.2.6 If the fault current is envisaged to be low and the soil resUtiyity 
is high it is iccQnuncnded to make use of rod earth electrodes. In r^ions 
of high soil resistivity where fault currents are envisaged to be high, earth¬ 
ing mat or bare strip or round conductor in conjunction with other 
electrics may be used. These forms of electrodes have particular advant¬ 
age where rock is at or near the surface of the area including or surround¬ 
ing the station and may also be employed OA-er a limited area as an ‘ earth 
mat ’ where it is particularly desirable to ensure absolute protection to a 
man standing at a ceruin spot, for example, at places where isolators and 
stvitches arc to be operated manually. 
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17 -2-9 If a very low resistance 15 requited it is recommended to treat the 
soil in accordance with 5-3^7 (j« afsQ 17.2,11 }, This treatment, however, 
shall have to l>e repeated froqucntly depending upon soil conditions. For 
elay and loam the freq uency may be of the order of B to J 0 years and for 
sandy and porous soil it may be of the order of 2 years. 

17.2.10 The siM of the earthing electrode shall be in accordance wUh 7 
and its resistance shall be calculate according to 8. The resistance of each 
earth system shall not be more than 1-0 ohm, 

17-2-11 Sait Tnatm^fit — In the case of pipe electrodes it is recommended 
to perforatG these and to treat the soil by pouring salt solution down thenip 
In the case of electrodes installed in a trench it is recommended to use salt 
as a top dressing left to percolate through ihc soil with the surface moisture* 
Tf it is required to excavate the soil before installing an clcctrodcj it is 
recommended to mix the excavated soli witli salt before refilling, 

17,2JIJ Although Substantial rcditctlon of earth resistance can be 
effected by the use of coke aj-ound the earth cleetrodc for a distance of 
25 cm, this incthod is not recommended as It results in rapid conosion not 
only of the electrode but also of cable sheaths, water pipes or steel frame 
svork, clc, to which it is bonded. Ho^vever, if coke treated electrodes are 
used, they shall not be situated within 6 m of other metal work which may 
be affected by it unless the latter is suitably protected. 

17.2.12 Locatiaa and JVirmCer ^ Earth Elecitodei — As far as possible earth 
electrodes for generating stations and indoor substations shall be installed 
adjacent to the building and for outdoor substations svithin and adjacent to 
the perimeter fence. At large sites, apart from securing a sufficiently low' 
resistance and adequate current-carrjing capacity a reasonable distribu¬ 
tion of electrodes is also necessary. A general guidance regarding the 
number of earth electrodes required may be had from Fig. 14. 

17 . 2.13 Vbhagf Gradiriil Araiiad Earth Eitetrodes — Voltage gradients around 
earth electrodes under fault conditions may reach such v^ucs as to dam¬ 
age telephone and pilot cables In the vicinity. The area over which such 
injurious voltages may occur is dependent on whether the feeders arc mainly 
overhead lines or buried cable. In the former case approximately 50 per¬ 
cent of the voltage drop from the electrode occurs within a distance from 
the centre of the station equal to half the maximum diagonal of the 
boundary fence, and 75 percent of the voltage drop occurs within tw'icc this 
distance. The effect of buried power cables in the vicinity of the station Is 
virtually to extend the area of the elcclrode system and thus to increase 
the distance at wliich a given proportion of the electrode potential exists. 
This effect is dependent upon the resistance to earth of the cable co\^ring. 
It is recommended that steps should be taken to protect any pilot or light- 
current Carrying tines ivttbin the area over which a dangerous voltage may 
be expected to exist, cither by applying suitable sheaih insulation to such 
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NUMBEff OF 3411 UHIFORHLV SPACED IN AQOVB ARFA 

Fia. 14 Approximate Number or Rod Earth Electrodes 
RE qurKED JN A Given Area 


lines where they are in cable or by mnnin^ them werhead within the 
danger area. 

An aUemative solution foi' stations wherc^ botli the feeders and the 
pilot cables arc buried, is to run the latter in a line as Jar removed as possi* 
isle from the route of tlie power cables. 

—PrccauLiofbS which should betaken in connccrljoii wIeJi po]e-mqunicil trana" 
forniert [O Avoid danger to AnintaU from veJEAgt gradienu ajc dealt wuhiU €^3, 

17.3 Earth Condniuty Conductors 

17.3,1 Disp&sitim — It is necessary to provide permanent and substantial 
connections between all likely sotirc.es of fault current and the earth 
electrodes so as to afTord a low-resistancc path for fault currents both to 
earth and between items of cqtiipnrienL In addition all other metal parts 
in or about the station should be connected into the matn station earthing 
system. The most efficient disposition of earthing condiictoi^ required \vill 
depend on the layout of apparatus and the following may be taken as a 
guide. 
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173.1J Indi^&r apparatus A main eanh bus sha]J be provided and 
connected to the frame work of each item and to ihe earth electrodes. For all 
installations there should be a connection to the earthing ring at each end 
of the earth bar^ or if ihb is in the form of a ring^ at sev'cral points on the 
earthing ring. Where the structure of a switch Ijoard is extensive or occupies 
more than one floor* a further parallel earthing ring shall be required %vhich 
shall be connected to the main earthing ring at least at two points, 

^ The main earth bar should be so placed iStat cable sheatlis may be 
readily coruicclcd to it. It should be accessible for the connection of any 
detachable srthing devices provided with the switchgear. Branch con¬ 
nections from the main earth bar should be provided to all ancillarv' 
apparatus such as control and relay panels, construclioiial steel work^ fire 
extinguishing apparatus^ etc. 

Where bus-bar protection is eflcctcd at switchboards by frame 
lealcage, t\tfo main earth wires are required. The frainc earth wire 

interconnecting the framework of the switch units wili be connected to the 
true earth wire through a cuneni transformer and bolted links for test 
purposes. The true earth wire should be run separately from lire frame 
earth w'ire in convenient pmition for the conncciion of cable sheaih .<5 and 
earthing devices. Where it is mounted on the switch units it should be 
insulated therefrom by insulation capable of withstanding a test voltage of 
4 kV for one minute. 

OuidaorstatioBs—A main earthing ring shall be provided round 
the stations and 5hall be so disposed ns lo allow the shortest subsidiary 
connections to all major appaniiiis such as iransformcrs and circiih- 
brcakerSh The mam earthing ring shall be connected to all earth electrodes. 
For latter stations the ring should be reinforced by one or more cross 
connections. From the main earth bus, branch connection shall be taken 
IQ each apparatus and ivhcrc several items of an apparatus lie togeihcr, a 
subsidiary rjngi,%uh short branches is recommended to a number of longer 
indiv;idua benches from the main earth bua. The aim should he to 
provide closed loops or a mesh system as far as possible. 

Isolator and c^thjng-switch operaiing mechanisms and circuit- 
breaker eontro! kiosks not integral with the circutt-breakers should be 
connected to the earth sy-stem by a branch eniirelv separate from that 
emp oyed lor earthing the jso ator or earlhlng-swjtch'baw or the circuit- 
breaker structure so that a short definite connection exists between the 
hands and feet of any operator and this connection is not likdv to can^ 
fault: current. 


Where the earth wtre of an incoming iinc ends at t]ie terminal 
Hipp^ts and .snot connected to a point on the sulxstation structures, 
a subsidiary earth connection shall be provided between .he substation 
earth system and the base of the support. If the latter lies Outside the 
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substallon feti«, the earth conneelion shall be buried where il passes under 
the fence and shall be kept well clear of the latter. 

Where earthing switches are mounted on steel or reinforced concme 
structures, the structure shall not be relied upon to provide ear^ 
connection from them to the sv-stem, A separate connee lon s 
provided^ 

Earth connections to surge diverters shall be of wiple croas-scciion 
and as direct as possible. They shall not pass through iron p|P« which 
would increase the impedance to surges of the connection. The earth 
connections of the diverters shall be interconnected 'ividi the mam earthing 
system since for the effective protection of the substation cquipmem 
a definite connection of low impedance l>etwecn the cqujpm n 
diverters k cssentiaL 

17.3.2 — The size of earthing conductor retjulred 

consideration of voltage drop and tcnyCTatme-rise. J. ,l.j 

that under fault conditions the voltage drop beUvecn w _ ^ should 
parts with which any one is likely to be m simultaneous contKt shou d 
not exceed 32 volts. The voltage drop is not, however, always leaddy 
calculable, but the size of connection required for 
will in general be sufficient to keep these voltage dr p ' 

The thermal rating of earth connections shall be based on the 
short-time current ratit4 of the associated switchgear and a maximuin 

^'tpparatus Avith which ihcy may be in contact. 

The size of earth bus and earth continuity 
bv the amount of current flow and m duration, based on a maximum 
alWable temperalurc-rUe, which in the case of sweated and riveted 
joints is limited to 250'C and for brazed joints to 450 U 

17 j.2.1 The folloscing equation has been derived for determining 
ihc siac of ihc earth bus and ennductOT^, 

a) For sweated and riveted joints 

A = 0 005 4 / %/r 

b) For bl'a^cd joints 

A ^ 0 004 4 / VT 


Tivhere 

A = cross-sectanea in 

/ =1 amount of current flewv in amperes, and 
t = duration of current flow in seconds. 
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17p 3»2-2 It 15 recommended that the duration of the cardi fault current 
should be taken as 30 seconds. This will give area of cross-section of the 
main earth bus as folLov^^i 

A = 0-029 6 / mm* for sweated, riveted and bolted joinbsj and 
A = 0'024 1 / mm* for brazed joints* 

17.3.2«3 The above apply only for copper earth bus and earth 
continuity conductor. For galvanized iron or steel earth bus and earth 
continutty conductor, ihe size may |>c calculated on the basis of equivalent 
current-carrying capacity, 

17^3.2»4 The abot^e applies to connections which are in any %vay 
likely to carry the whole or a substantial part of ihe fault current* Con¬ 
nection to apparatus not associated with the primary equipment and 
which are not to carry fault current may be of lesser cross-sec(ion but for 
practical reasons a minimum size of 65 mm^ tvith a minimum thickness of 
1'6 mm for copper and 200 rtun* with a minimum thickness of 3 mm for 
galvanized iron and steel is recommended. 

17^3.2.5 It is the general practice for the main earth bar to be of 
some^vhat heavier cross-section than the minimum necessary to carry the 
fault current^ so that the voltage drop over the station as a whole is kept 
as low as possible. For example, in indoor distribution station wdth fault 
currents not exceeding 22 kA a minimum size of 120 mm* copper may be 
used and for outdoor stations for 33 kV and upwards wliere long runs 
may be required a minimum size of ISO mm* copper is recommended. The 
corresponding galvanized iron and steel sizes may be calculated on the 
basis of equivalent current carrying capacity. 

17.3.2i€ Where the s^tem neutral is earthed through a resistance 
or an arc-suppression coil, it should be noted that the restriction of fault 
current provided by these devices does not apply for ev'cry type of fault. 
In selecting the size of earth connection, therefore, it is recommended that 
no differentiation be made betw^een such systems and those having a 
solidly earthed neutral. 

17.3.3 Cons(ru£tmi — It is ^ential for the safety of personnel arid plant 
that an earth system shall remain effective throughout the life of the plant. 
It is difHeult in many cases to make a check of continuity after insEallation. 
The system shall, therefore, be mechanically robust and protected from 
Gorroston where nec^^ry. All joints shall" be capable of retaining Joxv 
resistance after many passages of fault current. 

17.3.3.1 JffUi/j In view of the maximum temperatures allowedi 
joints shall be either riveted, sweated, brazed, bolted or welded- For 
rust protection the welds should be treated with barium chromate. 
Welded surfaces should be painted %vitit red lead and aluminium paint in 
turn and afterwards coated with bitumen. Joints in the earth bar 
between the switchgear units or to cable sheaths which may require 
subsequently to be broken should be bolted and the joint faces tinned. 
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17.3.3.2 Teriainalions — Where ihe <Kai]!icler qf ihc bolt for connecting 
the earth wire (or strip) to apparatus cscecds one qiiarter^of the width 
of the c^rth wire ( or strip ) ihe conncciion to the bolt jhali pc m^ide wi 

a wider piece or flag connected to the earth rt-irc (or strip). Larth wires 
[or strips) and flags shall lie tinned at the point of connection to 
equipment and special care is required to ^ensure a permanent low- 
resistance contact to iron or steel (ste Fig, 13 ;■ 

17.3.3.3 Fixing — Main earth cominiiity conductors shall 1» spaced 
syRiciently from the surface to which ihey arc fixed, such as wails or the 
side of trenches, to allow for making permanent or temporary oonnecnons. 
Where the earth continuity conductor iucir is drilled for f^ienings, the 
diameter of the hole shall not exceed one quarter of the indth of ^‘P* 
Copper earth bars shall not fae fixed by ferrous screws 

portable apparatus are in use, suitable loops ad ached ? ^ 

continuity conductor to accept ibc earth clamps shall be proM 

17.3.3.4 PrtfUclionfimteitrrosion — lTOV, lead and zinc arc all an^ic 

to copper rvhose presence, tlicreibrc, promotes their corrosion w ' 

water or soil water contains electrolytes. Connections e “ . .IIP . 
and galvanized equipment should, therefore, made on a lic i ' 
and protected with paint or grease; galvanized fixing clamfw s 

used* for earth b.ws. Earth bars leading to cast-iron electi^» si all be 
served for protection in the vicinity of the latter and t le * tKprr 
electrodes shall be protected by a thick layer of commimd, here there 

is evidence that the soil is aggressive to copper, buried earthing conductors 
sbaU be protected by suitable sending or sbcAth^ 

17.3.4 CertJKCfJcni to Stparale Earth — Where it fs neecssar)' to 

connect items of apparatus to earth electrodes vvhich ate n^u a c ^ 
and outside the resistance area of the mam siatwn 

earthing conductors for this purpose shall be suitably ms . which 

of the Liin station earthing s>^tern to w-illistand the volta^ 
may occur in the latter under fault condiUoos, This ^ ^ 

using insulated cables or, where the earthing conductors are not buried, 
by suitable spacing and support- In the latter case the mi-son 

the station area should be such that at no point it is possible for ^ 
to make simultaneous contact with any parts of two separate earthing 

systems. 

17.3.5 Earthing througli steel structure should not be permitted jf 
it has bolted or riveted joints. It may be permitted if the joints are 
vrelded or where permanent electrical continuity can be cn ur 

17,4 Neutral Earthing 

17.4,1 It is recommended to use ode of the following methods for 
earthing of generator and transformer neutrals: 
a) Solid earthing. 
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b) Resist^ct earthing, 

c) Reactance earthing, and 

d) Arc-suppression coil earthing, 

i7i.4^1.] The selecEion and the type of earthing to a certain extent 
depends on the si^e of the unit and the system voltage and also protection 
scheme which is to be used. General guide on the selection of t^-pe of 
earthing is explained in 17.4,2 to 17^4-5. 

17*4.2 Solid Eurlhing ^ — A direct metallic connection shall be made from 
the system neutral to the main earthing ring. It is recommended to use 
this method when the maximum earth fault current is not likely to cause 
damage to plant, cables and lines and loss of stability of system. 

17^4^ Risistiince Earthing —Resistance earthing is generally used when 
the fault current is likely to be so high as to cause damage to generators or 
transformci^. The resistors shall comprise of metallic resistance units 
supported on insulators In a melal frame or shall be a liquid resistor of a 
we^ aqueous solution either of zino chloride or sodium carbonate. Metallic 
resistors have a constant resistance which does not change with lime Avhile 
liquid resistors have to be treated frequently specially after the clearance 
of a fault. Metallic resistors are slightly inductive and this is a disadvan¬ 
tage %viih overhead lines* since travelling waves and impulse^ arc subject to 
positive reflection and this is likely to unduly stress the insulation of the 
equipment and cause breakdots'H. XJse of liquid resistors Is recommended 
only at voltages above 6 6 kV, All neutral earthing resistances should be 
designed to carry their rated current for a short period* usually 
30 seconds* 

17.4*4 Reactaifct E<srihjng^ When the zero sequence reactance of genera¬ 
tors or IransTormcrs is so low as to cause excessive fault current, usually 
reactance earthing is used. A single phase reactor is inserted between the 
neutral and the earth to limit fault current. Care shall be taken to see 
that dangerously high transient voltage during system fault or switching 
operadons do not occur due to high value of reactance of the earthing 
reactor- 

17.4.5 Arc-Stipprissiojt Coil Earthing — In high voltage systems with 
isolated neutrgJs overvoltages caused by switching surge; or by lightning 
may cause a line to Bashover to earth. Gonstderablc current wiJl be drawn 
through the arc to charge the system capacitance to earth. The arc is 
quenched at zero voltage but may restiikc at a higher voltage. This 
successive restriking of the arc often causes very high voltages to be built 
upon the transmission lines, and is known as * arcing grounds To avoid 
isolation of system under ear^ fault conditions, arcrsuppression coils are 
sometimes used, aj shoivn in Fig, 15. Arc-suppression coil, also known as 
Peterson coil, is a tuned earthing reactor. It is tuned to the system 
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in $ucb a way as to malfc the reactance of the zero sequence 
network practicalJy infinite^ so that no fault current to the earth and 
there IS no tendency for arcing grounds to occur. With the use of Peterson’ 
coiJj arc current is reduced to such a iznaJi value that it is usually self- 
extinguishing, which increases continuity in service^ 



Fio. 15 SYSTEst Earthimo Through an ARc*Su?jpR£asioN Coil 
WITH AN Earth Fault on Oke Phase 

17,5 General Earllung Arrangements at Substationa 

A typical earthing acTangement for an outdoor subitation is 
shown In Fig* 16. 

17,5 J Subjlaiions Ghing JVo Exitrml Vdiagg Supply — Common earth 
electrodes should be uied for both system earths and equipment earths. 
The i^ems which need to be earthed separately from the main station earth 
electrode are the perimeter fence which are 2 m away from the earth bus 
and any coupling capacitors assesdated with cairicr current equipment, 

17*5,2 Subsi^li&ns Giving m External LoithVvUagje Supply [Excluding 
Mounted Trans/onners) — The low-voltagG system neutral should be con¬ 
nected to the station earth system. The dectrode resistance shall be 
sufficiently low to avoid, as far as possible, the risk that an earth lault on 
the high-voltage sy-stem may catisc a voltage rise of the neutral of the low- 
voltage system and consequent damage on that system (see alstt 17,1,7 ), 

17*5,2.1 LovV’^vohage cables from a substation fed by high-voltage 
overhead lines shall be insulated within the resistance area of the substation 
earth electrode unless it has been assured that there is no risk of dangerous 
rise of potential. 

17,5*3 P&le-Mouiu^d —In the case of pole-mounted trans* 

formers on overhead line systems difficulties may arise In areas of high soil 
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resistivity* Here* if the pole aho earries isolating switchgear with low* 
level Qperatitig handle, up to three separately earthed clccirode systems 
may be require: 

a) For ihe neutral of the low-voltage system. It b usually provided 
at a pole one ipan awTiy on the lou'*voltage linej 
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b) For the hieh,vqltage metal work (transformer switch 

framework, support metal 'is’ork). It consists of one earth 
electrode at or near the pole; and 

c) In addition, an earth mat shall be provided, near the gro^d 
surface, in the posltbn taken up by a person operating ijie sw nch 

handle; this mat shall be connected to the switch handle. The 
mat shall he electrically separated from the mam electrode, this is 
achieved by spacing the nearest element of that eltxtmde ^t le^t 
one metre from the periphery of the mat and by placing the two 
earth wires on opposite side of the pole. 

17.3.4 GiDtng sn External Higk-Vol{r>geSu^p^-- Btfe “ “ 
recommended to have common earth bus for both high-vo 

voltage systems. \Vhefc there are manual operating i<=vers for 
switchgear it is recommended to connect the operating an c o y 
earth electrode- 

To remove any voltage gradient lliat may exist 
lever and the ground on which the operator stands, a metal g 
placed just belotv ground level and shall be connected to the system earth 
electrode, 

17.5.5 Earthing ofCairier-Current J 

getieralJv a driven W or pipe, should be provided 

to the structure supporting [he coupling cap^itors. The 

thereto slioultl be m short and free from cimnges of direction m possible. 

This earth shall be used only for the high 

structure supporting the coupling capacitors shall b 

way. 

17.5,e Earthing of Cables— ^^eraI pipe 
have been installed should be efficiently bonded and earthed. J^ sj^cified 
points on the route where ^he presence of stray curre^ 
joints, the metal sheath and armour, if any, of the cables shall be 
to the earthing system and fon'iectcd to mc 

The cross-sectional area of every bond shall not 1^ ihan 6a mm 
in any case shall be such that the resistance of wh 

not exceed the combined resistance of an ecjual length of metal sheath and 
armour* if any* of the cable. 

17.5.64 Bonding faMa in The method of 

landing the metal fheaths of sjngle^orc cables m close trefoil rotation 
shall preferablv consist of sheet lead 3 mmjn thickness and approximately 
10 cm wide, wrapped round the tiefi>il ^ble a^embly m such a manner as 
lo make close conLt therewith. The edges of the lead strip shall be 1»11- 
mouthed so as to improve the wiped connection which shall be made at 
each side Free ends of lead shall be left so that connection can be ^de 
thereto bv means of tinned copper strip between the lead ends and two 
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Ollier copwr bKkiiig strips. Three S or 10 mm galvanised steel or 

phosphor bro-nae bolts shall be used for the connection of the cooper strip 
to the lead bond. 


When buried direct in the ground^ the complete bond shall be 
enclosed in a cteosoted wood box which shall be filled in solid with 
Dll tinu nous compound- 


17^6 Ela^rthiDg of Transformers 

17.6.1 Cwflior r™i/*>mwrj — Generator transformere connect the main 
transmission system, which generally operates at 132 kV or 220 kV, to the 
^eraton. It is recommended that neutral points of these transformers 
direc tly w^hed, thus per^tting the grading of insulation in the trans- 
former from the terminal end to the neutral point. 

17.S3 Stibstation Travfermm — These transformers connect the sub- 
^mmi^ion system, which generally operates at 6 6 kV, 11 kV, 33 kV and 

system. Where the fault current is 
expect^ to be too high, resistance earthing may be used to limit the fault 

Correntfc 


plstfihulhn rram/^j^Thee transformers connect the 3 ul> 
fransmission system to the distribution system and are generally Connected 
delta on the higher vdtage side and star on the iowcr\'oltagc^side. The 
neutral point should be connected directly to the earth. * 

earth^^ h^X£w« sometimes necessary to 

transformer with delta 

windings. In su.h a case, an earthing transformer may be used as shown 
m F g. 17 This provides a star point which may^be SrthS eiK 
directly or through a resistance, if desired. ' canncQ ciincr 


17.7 Gemnl EmUnB Airruiamrat, at G.acratlac Stetloas 

ia <■»' « Ktn™>ias „a,i™ i. ,ho.m 


17.7.1 It is normal practice to earth the nruml e ai. l 

lugh-voltage generatom. Although the value of neutral 
dance is not critical it should he kept withfn ceS r ‘ ^ 

satisfactory operation. Three methods are Tt^nieS foTth 
of generator neutral: recommended for the earthing 


a) direct earthing, 

b) resistance earthing, and 

c) reac lance ear dung. 
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17>7<2 Earthiiig ttf a Singh Gtiieralir 

n.7.2.1 Whcrv the Tault cuirent of the generator is not expected to 
be too high, it may be earthed without any im^danw m the circutt, n 
such a case it shall be ensured that the impedance beiween neutral and 
earth is so low that if an earth fault occuis on one phase of the system, 

sufficient current will flow to operate the protective dcvices. 


17.7,2^ If a resistance has been inserted between the neutral and the 
earth, quick acting protective devices shall be used so that on t e 
rence of a fault the generator and Its field shall automaucally be disconnect¬ 
ed, The earth resistance shall be of such a value that if ^ 
outside the generator, the fault current will be restricted to the_ rated Ml 
load, current of the generator. The earth ^ ^ 

too low, for on the occurrence of an earth fault, the , rMistor 

subjected to shock due to the load resulting from power loss in the resistor. 

17.7.2.3 Reactance earthing U used to limit the fault ® 

maximum of three-phase short-circuit current.^ In rc^ Tnin^jae 

cujTcnt due to an earth fault on one phase is limit^ so ij 

danger of serious damage to the stator and also that 
if essential, remain in service until operational con pe 

^viihdrawAl, 



Fio. 17 Neuteai, Earthino CoMFENSATOn 


59 






















IS: 3043- 1966 



















































































































ISi3M3-1966 


17.7,3 E^thing of Gtntttdort in PsTaiftl — When more than one generator 
arc Operating in paralldt all the generator neut^ls shall be earmed 

through an isolaliiig switch (jm Fig* 19 )- _ At any tipe w^icninore triad 
one generator is in Mfvseej only one earth knlating switch shall be kepi on. 
This is TiecesKiry because, if too many neutral points are earthed either 
directly or through individual impedances, the fault current may become 
too high so that when earth Fault occurs anywhere on the system there 
will be unnecessary damage to and disturbance in the system. 


FEEDER 


FEEDER 



Fio. 19 Earthikg or Gbneratoks Throvoh Individoai. Resistors 
17.7,4 Gto/Crators CumterKd W Qoahtad th* gMcralon arc 

connected directly to systems comprising exposed pvwhcad hnes^ they get 
subjected to the elfcets of travelling waves or itnpiJlfes due to lightning. 
In such a case if the neutral b earthed ihrough a reactance, positive 
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reflection of the waves can take place and may subject the iviading insula- 
lion to damaging stresses. To prevent this^ the reactor shall be shunted by 
a nqndinear resistance which will hmit the surge voltage to such a value 
which the machine can safely ^vithstands Surge arresters may also be 
connected to the machine terminals ro give the same effects 

17^7.5 R^iisiors Fidd Ciraiits —Resistors used in ihe Held circuit of 
gencJ^tors, synchronous condensers^ motors, etc, should have their frames 
earthed. 


17*3 Earthing of Ughtning Arresters 

17»B J The bases of lightning arresters shall be directly connected to the 
earth by conductors as short and as straight aj practicable to ensure 
minimum impedance. In addition, there shall be as direct a connection 
as practicable from the earth side of the lightning arresters to the fruTne of 
the apparatus l>eing protected. Surge cpuntcj^/however, may be inserted 
in the circuit, but in such cases the lightning arrester should be mounted 
on an insulated base, 

17*8>2 Individual earth electrodes should be provided for each station 
type lightning arresters while for distribution type lightning arresters one 
earth electrode may be provided for a set of lightning arrcstcis. Separate 
earth electrodes for lightning arresters are provided for the reason that 
large earthing sy-sicms in themselves may be relatively of Jhtlc use for 
lightning protection. These earth electrodes should l>c connected to the 
main earth ^^tem. 

!7*S.3 For lightning arresters mounted near transformers, earthing 
conductors shall be IcK^ted clear of the tank and coolers in order to avoid 
possible oil leakage caused by arcing* 

17.8h4 The earthy connection should not pass through iix>n piprs as it 
would increase the impedance of the connection. 

17.9 Earthing of Miscellaneous Substation and Generating Station 
Apparatus 

I7.&.1 nis£omfcling Swiiches ~ ta the case of isolaicd-phaic systems, 
dtsconnccling switches tied to the main bus-bar should have their bases 
earthed with connections equal in cross-section to the earth bus. In the 
case of group arrangements where the disconnecting switch bases are 
mounted directly on masonry and the fault-bus system is not used, no 
provision be made for eanhing the switch bases*. 


“It « fceogiiHcd that m folloi^ng mu thi* tuegoticn ibcre ii a posHbilhy of fault 

Client, aii™j,i.ng u> find m path thraush rtinforetoj and .iri^ral ,KeUfi|te 

building. It IS thought, that ihii dangfr i, not suffieicnay great to Justify 

earthing lh« base* of discpnnrcung switch^ » meuntrd. The only r«ion for rarthina the 
bases of diMtineciing pitches i» lo prwide a path to twth which sfaaU have a resistMrt 
less than the path provided by ihe reinforcing steel and structural Steel of Ihe buildUig 
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17,9-2 Iiisirumeni TransfaiTnirs 

17,9,2*1 Cases or frames ofiiistnjment transformers shall be earthed. 

17.9.2«2 Cumni IrafisfoFmirs —The semndary %^'indmgs of current 
transformers sliaU be earthed- This may be done by coimcetion to the 
earth bus. 

In case of isolated-phase arrangements currcjii trausformers should 
have their feel or enclosing cases earthed ^vith a connection equal in 
carrying capacity to the main icad^ but in no case need this connection be 
of larger carrying capacity than the main earth bus. In the case of group 
arrangements the metal supporting framework for the current imnsformers 
should be earthed.^ This carihing should be done at one point onlv In 
o^er to prevent circulating currents between earthed points which 'may 
aflect relay or meter performance. 

1719^2 Vi&itage (r^fitjbrinffs secondary windings of voltage 

transformers shall be earthed. This may be done by connection to the 
earth bus. 


When voltage transformers are mounted in masonry compart men ts* 
whether the isolated or the group arrangement is used, they should have 
Their cases earthed with a connect ton of sufEciem si ase to be mechanically 
strong. This sliould be equal in carrying capacity to the primary lead and 
m no case should be smaller than the eartli bus size. When voltage 
transformers arc mounted on supporting frameivorlij. this framework should 
be earthed- 

17.9.3 Power Cinttit-Brtakers — The carlh connection for power circuit- 
breakers is limited to the amount of current that can be passed through the 
frames of the breakers to the point where sultabJe earth connection can be 
made. The size of earthing lead shall be in accordance with I7.3.Z. 

17.9.4 Rods or MandUs of Outdoor Gang-Operated fsdators — The operating 
rods or handles of all outdoor gang-operated isolators should be connected 
to earth cither directly or through the steel mounted structure. The earth 
connection to the operating rod or handle should be made directly above 
the operating handle. 

Two atlernativc methods are used for providing added safety by 
furnishing a construction for the operator to stand upon w'hlle operatini; 
the switent 

a) an earthed metal mat, or 

b) an insulated platform, either portable or stationary. 

The earthed metal mat should be connected to the operating rod 
above the switch handle and should also be connected to the station 
earth bus. 
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The metal mat should be galvanized steel plate or equivalent and the 
earthing lead should be connected to the plate by a iniaimiim of two 
bolted-type terminals. Soldered connections should not be u^cd. Safety 
depends upon maintaining good connections. 

In the case of the insulated platform there is the same low resistance 
path from the operating pipe to earth while the operator is insulated from 
earth, K-faximum safety depends upon maintaiewng good insulation for 
the platform and good connections. 

Wooden switch handles may be used. They should be removable 
and protected from the weather when not in use; otherwise they may prove 
to be hazardous. 

Where metal handles arc usedj it is recommended that the opera Eor 
should w-ear rubber gloves when operating the isolator^ 

Isolators are $ometimes mounted on wooden poles in order to use the 
insulating value of the wooden structure to supplement the insulation of 
theswiiobes. In thia case, the vertical operating rod of the isolator b 
usually insulated and the switch bases are not earthed. The operating 
pipe below the insulation should be earthed. 

17-9.5 CajH cf Ltsfrum^tSf Mi terj and Relay's ( Optralmg Vi^ltage Up 
650 — Instruments^ meters and relays with windings or working 

parts at 65Q volta or less shall be earthed as follows; 

a) situatid on switchboards —Instruments, meters and relays not 
located on s^vitehboards, and accessible to other than qualified 
personsj shall have their cases and other expeaed metal parts 
earthed, 

b) On dead front swiichboards — lastruments, meters and! relays 
( w^hether operated from current and voltage transformers^ or 
connected directly in the circuit) on switchboards having no li%'e 
parts on the front of the panels shall have thtir ca^es earthed. 

c) On iiifc front simlch&oards —Instruments^ meters and relays 
(whether Operated from current and voltage transformers* or 
connected directly in the circuit) on switchboards having expot^d 
live parts on the front of panels shall not have their cases earthed. 
Rubber mats, or other suitable floor insulation, shall be provided 
for the operator, 

17.9.6 Cases of hetrurrunts, Mettrs and Rdays ( Operaiing VoUags Aboti 
630 Voits) —Where instruments* meteix and relays have current-carryfing 
parts over 650 volts to earth, they shall be isolated and be elevated or 
protected by suitable barriers, such as earthed metal or insubtmg covers 
or gnjards. Their cases shall not be earthed, except in elcctrost^c earth 
detectors where the internal earth segments of the instrument arc 
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connected to the instruineiit case and earthed* Tlie earth detector shall 
be isolated by elevation* 

18* EARTHING OF OVERHEAD POWER LINES 

18.0 General —Earthing methods associated with overhead power Jinea, 
including the provision of aerial earth wiresj the earthing of non-current- 
carrying metal work, and the bonding of such metal workj are designed 
for: 

a) avoiding danger from a broken line conductor or from leakage 
due to brcakdQ'vn of insulation^ and to ensure that in such 
circumstances the protective gear will operate effectively^ 

b) ensurings as far as possiblcj that the current in an earth wire or to 
Support metal w^ork doe to lightning stroke shall be conveyed to 
earth without causing back Bashover; and 

c) tninimiaing inductive interference with communicaiJoti circuits. 

Notb —An cajth wtre w effective in reducing cEcctromiignetic ludueciDn if jis 
rejisCancCj, including^ [he naiataiiEe of tower foodn^ and Pibcir cond.ecti<«a to earlb^ 
ccmplcting ilm cutcuil with earth return, h ^nll compared with its reactanee at the 
frcqucney in i^ucstsoD. At the fuEidamemat Cre<i;ueiicyj, a higsh^res^tivLty raEth 
{llceJ wire ] gives, pcactilEally no aiilcvialion, even If It it perrecdy car thcd; 

a lingle lo^y reiifdvity earth wire ( hard-drawn copper ofStdflc^n t crOdA-wtlon ] mjay 
reduce the induced volta^e- 

18*1 Earthing of High*yoltagv Lines 

18-1-1 M^ial WffTk Bfmdediijid EiirlhedSupport This is the simplest 
form of construction warh steel towers but it ij unsuitable for pfotection 
against lightning. It may be adopted for wooden pole lines also. The 
bonding and earthing of the metal work provides protect ton ngainst the 
danger of pole top fires from leakage, provided the resistance to earth at 
each support is sufficiently low to permit protective gear to operate in the 
event of contact between a line conductor and earthed metal work* 

18*1*2 MeUt Work Sondfdmd Conmeiid to sn Atriai Earth —The earth 
wire shall be connected to the neutral of the iransformer or generator and 
shall be earthed at least on four towers in every 16 kilo-metre, .This 
method provides protection against lightning also if the earth wire is run 
above the line conductors. For shielding the substation equipment against 
nearby lightning stroke a second earth wire may be run for a length of about 
1*6 km from the substation. 

The resistance of the earth wire to earth should be as low as. possible. 
To avoid back Hashover from the earthed metal work to the line conductors 
on the occurrence of a direct lightning stroke to the earth \vlrc, it b recom¬ 
mended that the resistance in any tower footing or other conn ec don of the 
aerial earth wire with earth should not be more Than 0*02 ohm per kilovolt 
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ormlaimum impulse flajhover voltage of the msulatorj. If this value of 
the voltage is not kno^vn thco a figure of 0'2 ohm per kilovolt of line 
TOJtagc should, be taken as a rough guidep However for overhead lines it is 
reeommeaded ihat fooling resistance should not be more than 10 ohms 

Earthing of pole top metal work should be avoided iji rwiom where 
Uie soil resistivity is high unless careful attention lias been paid to the 
electrode roistaiicc in relation to the system voltage and the semne of the 
protec i i VC devices. ® 


18.2 EarttuDg of Low-Voltage Line^ 

^ 18.2*1 An (arth wire may be run either above or below the phase 
conductors with suitable cradles or safety device from pole to pole so that 
in the event of breakage of any one of the phase conductors, it wilt make 
contact With the earth Wire. 

18.2.2 If vvooden poles have been used, a bonding wire should connect 

all in^ktofi ^ including the supporting metal work of 

18.2.3 An stay vvires other than those which are connected with earth 
by means of a commuous earth wire shall be insulated to prevent danger 
from leakage. For ih« purpose an insulator sliall be placed in each stay 
wire at a height of not less than 3 m from the ground. 


AT SUB- 


19. MAINTENANCE OF EARTH ELECTROBES 

stations and generating stations 

19.1 Records shall be kept of the initial resistance of substation and 
generating station earth electrodes and of subsequent tests carried out. 

19.2 Xonnally annual me^mement of earth resbtance shall be carried 
out but local eircti^tances in the light of experience may justify increase 
or decrease m this interval but i, should net be less tha™ onSLoy™ 

19.3 Periodical vbual inspection of all earth electrode connection wherever 
oSSerkratjon. ^ 

19 4 In rural substadons, particularly those connected to overhead hieh- 

Ws, greater reliance should be placed on the 
iJicrefore faahties for testing the resistance of the 

fidtprS'”*”"''"'’’’ 

^ ‘he supply 

Sisfactory^^Itj! ptnodicaDy that the earth-fault loop is In a 
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J9,6 Where an jnstajJatjon h earthed to a cable sheath which is not conti- 
nuous to thesuiaiation neutral (that is, there is an mtervenin? section of 
Mcrhead line without earth wire) a supplementary electrode system mav 

The adequacy of the electrode sj^tem sJiall be checked 
nutially by an earch-fauit loop test (ste 11.1 ). LtiecRca 

B.7 The neighteiiring soil to the earth electrode shall be kcot mohr 
periodicaUy pouring .vater through a pipe whe«“?t1d 
d«"f^e *"*■ ^ immediate vkinic^ of the earth 

20. MEASUREMENT OF EARTH RESISTIVITY 
20-1 Test locations 

20 1.1 In the evaluation of earth resistivity for substations and eencrat 

siw ^ rhe whole 

tur remhe increased for very large station sites cr if the 

^Mt results obtained at various locations show a signiheant difference indi¬ 
cating variattons in soil formation. nerence, inci- 

j! of transmjssion lines, the tneasuremenu shall be taken 
hi every throughout the length approaimalely once 

of earth varies over a tdde 
range depending on its moisture content. It is, therefore, advisable ^ 

— in'orde?rgi^ 

20 s 3 Principle rf Tes^ts 

i^5ur electrode method is recommended for these tvees 
of field mvestigations. In this method, four electrodes are driven into SS 
earth along a straight ime at equal intervals. A current / is ptsied 
o'itc t^cctrodcs and the earth, as shown in Fig. 20 and 
c dilTcrcnce f obsen'ed between the (wo inner electrodes. The 

cun^nt / flowing into the earth produces an electric field proportional m 
Its density .and (o the rcsisiiviiy of the soil. The voltage F measUed 
eiwcen the inner electrodes is, therefore, proportional to this field 
Consequently, the resistivity will be proportional to the ratio of the voltase 
to current. 

Tile following equation holds for; 

4s n V 
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whcru 

p = resistivity of soil id olim-metre, 

F = voltage dUTercnce betw^een the two ktner electrodes in 
volts, \ 

/ = ciirrcal flowing through the two outer electrodes in 
amperes, 

j = distance between two successive electrodes in metres^ and 

i ^ depth of burial of electrodes in metres. 

203 J4 If the depth of burial of the electrodes in the groujid is 
negligible compared to the spacing bet ween the cleclrodes then 

^ _ 2 rr sV ...,........(2) 

203*13 Earth testers nomialliy used for these tests comprise the 
current source and meters in a single instrument and directly read the 
resistance- The most frequently used earth tester is the four-terminal 
megger shown in Fig. 20. 



’Wlien using such a megger, the resistivity may be evaluated from the 
modified form of equation (2) as given below: 

p = 2%sR ....,( 5 ) 

where 

p = resistivity of soil in ohm-metres, 
s distance between successive electrodes in metres, and 
R = megger reading in ohms. 

C8 
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20.4 Ttflt Procedurr 

20.4.1 At tlie selecied t«l site, four electrodes are driven into the 
along a straight line in the chosen direction, at ^ual mtei^ais J ; ^he 
depth of the electrodes in the ground shall be of the oj^der of 10 to 

The megger is placed on a steady and approxinnately level base, the hnt 
betwceiTtenninals, Pl and Cl opened and the four dcctrodes connected 
to the ifjstrument terminals as shotvu m Fig. 20. An approjjriate range o^ 

the instrumentis then selected w t irriinc? 

ends of the scale as far as posMble. The readings are taken while turning 

the erank at about 135 res'/tfui. 

Resistivity is calculated by snbstitutlne the value of P thus obtained 
in cquadon (3). In case where depth of burial is more than l/20orspacmg, 
equation JlJ sbould be used of (3^)# 

20.4.2 CojTfftiiiJt /or Potealial Btciriule RestslaneeIn cases where the 
resistance of the potential electrodes (the two inner electrodes) « <:oi^- 
ratively high, a eorrection of the tot r«ulis would be 

on its value. For this purpose the instrument is connected to the el^ 
trodes as shown in Fig. 21. The readings are taken as before. The 
correction h then cHcctcd as ibllowi'?- 

20,4,2.1 Let the readings of the megger be P, with the connections » 
shown in Fig. 21, and the electrode sjwcmgs r jS 

value of soli resistivity is p and the resistance of ^e wltage CtrCtiit of the 
instrument used to obtain M (as indicated msidc 
meter) is R, the corrected value of earth resistivity would be 


9 = 9 


Rf 4 ~ Rt 


X 


20.5 Tesdsig Soil UniToritUty 

20.5,1 During the course of above tests, it would also be desirable to 
informatign about the horiaontal or vertical variations m earth r^tjtivuy 
over the site under consideration. The vertical yariaiion may be detected 
by repeating the tests at a given location with a number of different 
electrode spicings, increasing from 1 metre to 50 metres or more, prelera- 
biy in the following Steps I, 5, 10, 15, 25, and 50 metres. If the rr^»t‘vity 
variations are within 20 to 30 percent the sod m the vjcimiy of the t«t 
location may be considered uniform. Otherwise a entwe of rcsisuvi^ 
versus elecirode Spacing shall be plotted and ibis curve furtjicr analysed 
lo deduce stralUication of soil into two or more layers of appropriate 
tbickness* For single rod and muluple rod imtallations, tbe resistivity 
value corresponding to a electrode spacing equal to the length of the rod 

*Unict|;u 3 J ^acin. 3 [ also be lucdj but ihii maluji tlie fennuli imnecssary 
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CUflREST 

ElECTflODE 


C? 


MEGGER 


-POTENTlAi 


W7777/ 



CLlRREWT 
ELECTRODE 




Fio. 21 T^st CJoknegtiom to Measure Sum of the 
Potential Electrode RESISTA^^cES 


may be in the empificai Ibnnulaei %vjth reasGfia,blc accuracyj for 
precalculation of resistance. 

Xhc horizontal variation may be found nut by eomparing; correspon¬ 
ding resistivity valuer obtained along the line route. 


APPENDIX A 

( Clause 4.1 ) 

EXTRACTS FROM INDIAN ELECTRICITY RULES, 1956 

Qf Eartiud and E^irlhed X^vtrd Conductors and Position 
of Switchts andCul*Outs T/terchu 

Where the conductors include an earthed conductor of a hvo-wire 
system or an earthed neutral conductor of a mnlli^wire sv^tem or a 
conductor which is to be connected thereto, the following conditions shall 
be complied with: 

(1) An indication of a permanent natiireshall be provided by the owner 
of the earthed or earthed, neutral conductor, or the conductor which 
IS to connected thereto, to enable such conductor to be distingul* 
shed from any live conductor. Such indication shall be provided: 
(a) WliOT the earthed or earthed neutral conductor is the property 
of the supplier, at or near the point of conuiiencenicnt of 
suppljf; 
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(b) Where a cond uctor forming part of a consumer's system is to 
be connected to the supplier's catrhed or earthed neutral 
conductor at the poinE where such connection is to be made; 

(c) In alJ other cases, aE a point corresponding to the point of 
Commencement of supply or at such other point as may be 
approved by an Inspector* 

(2J No cut-out^ link or switch other than a linked-switch arranged to 
operate simultaneoiisjy on the earthed or earthed neutral conduc¬ 
tor and live conductors shall be Inserted or remain inser[ed 
in any earthed or earthed neutral conductor of a t^vo-wires>'Stem 
or in any earthed or earthed neutral conductor of a multbvFire 
system or in any conductor connected thereto with the fo]lowing 
ciiceptions: 

(a) A link for testing purposes, or 

(fa) A switch for use in controlling a generator or transformer* 

RiiU Aff. 5/ JVtfcjjioju A^p^kabk fo M£di}im^ or Ej^iira Migh V&h^gt 

The following provisions shall be obser\^ed where energy' at 
medium, high or extra-high voltage is supplied^ converted^ iransfomied or 
used: 


(I) (a) All conductors (other than those of overhead Jines) shall be 
completely enclosed in mechanically strong metal casing or metalHc co\er- 
ing which Is elecLrically and mechanically continuous and adequately 
protected against mechanical damage unless the said conductors are 
accessible only to an authorized person or are installed and protected to the 
satbfaction of the inspector so as to prevent danger, 

(b) All metal i,^^prk enclosing, supporting or associated with the 
installatinn, other than that designed to serve as a conductor shall, if consi¬ 
dered necessary by the Inspectorj be connected w ith earth* 

(c) Every main switchboard shall comply with the following provi¬ 
sions^ namely; 

(i) a clear space of not less than 0-914 metre {3 feet) in width shad 
be provided in front of the switchboard- 

(ii) if there are any attachments or bare connection at the back of 
the switchboard, the space (If any), behind the switchboard 
shall be either lete than 0-229 meire (9 inches) or more than 
0*762 metre (30 inches) in width, measured from the furthest 
outstanding part of any attachment or conductor; 

(ili) if the space behind the switchboard exceeds 0-762 metre ( 30 
inches) in width, there shall be a passage ivay from either end 
of the switchboard dear to a height of 1 829 metres (6 feet }* 
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(2) Where an appUcaiion has been made to a supplier for supply of 
energy to aiw installation, he shall not commenee, or where the supply 
has been discontinued, recommence the supply unlea he is satisfied that the 
consumer has complied in. all respects with the conditions of supply set out 
in sub-TuIc (1) of this rule, rules 50 and 64. 

(3) VVlierc a supplier proposes to supply or use energy at medium 
voltage or to recommence supply after it has been discontinued for a 
period of six months, he shall before connecting or reconnecting the supply, 
give notice in writing of such intention to the inspector, 

(4) If at any time after connecting the supplier is satisfied that 

any provision of sub-riile this rule, or of rules , 

is not being observed, he shall give noticie of the same in writing to the 
consumer and the Inspector specifying how the provision tas not been 
observed, and may discontinue the supply if the Inspector so directs. 

itiiU CotineclKn loitfi Earth 

(I) The fallowms provisions shall apply to the connection with earth 
of systems at low voltage in cases where the voltage between phases 
or outers normally eseceds 125 volts and of systems at medium voltage: 

(a) The neutral conductor of a three-phase four-wire ss'siem, and the 

^ ^ middle conductor of a two-phase three-wire system shall be 

earthed by not less than tw-o separate and distinct connections w ith 
earth both at the generating station and at tlic substation. ^ It 
may also be earthed at one or more points along the dUtribution 
system or service line in addition to any connection with earth 
which may be at the consumer’s premises. 

(b) In the case of a system comprising electric supply lines having 

^ concentric cables, the external conductor of such cables shall be 

earthed by two separate and distinct connections with earth. 

fc) The connection with earth may include a Unit by means of which 
the connection may he temporarily inteiTuptcd for the purpose of 
testing or for locating a fault. 

(d) (i) Ifi a direct current three-wire system the middle conductor 
^ shall be earthed at the generating station only, and the current 
from die middle conductor to earth shall be continuously recorded 
by means of a recording ammeter, and if at any time the current 
exceeds one-thousandth part of the maximum supply-current, 
immediate steps shall be taken to improve the inauiation of the 
system. 

(ii) Where the middle conductor is earthed hy means of a 
circuit-breaker with a resistance connected in parallel, the re¬ 
sistance shall not exceed ID ohms and on the opening of the 
circuit-breaker, immediate steps shall be taken to improve the 
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3 ri£ulatlorv of iht 3 ystem^ and the drcuU-breaker si tail be recloscd 
as soon as possible f 

(iU) The resistance shall be used only m a proiKtlon for the 
ammetei: in case of earths on the system and until such earths 
are removed. Immediate steps shall tac taken to locate and 
remove the earth. 

e) In the case of an alternatisig current systcnij there shall not be 
inserted in the connection with earth any impedance ( other than 
that required solely for the operation of svvitchgear or instru¬ 
ments ), cut-out or circuit-breakeri and the result of any test 
made to ascertain whether the current f if any) passing through 
the connection with earth is normal^ shall be duly recorded by 
the supplier. 

f) No person shall make connection with earth by the aid ofp nor 
shall he keep it in contact with, any water main not belonging 
to him except with the consent of the owner thereof and of the 
InspectoFi 

g) Alternating current systems which are connected with earth as 
aforesaid may be electrically interconnected. 

Provided that each eonnectlon wiih earth b bonded to the metai 
shcathtng and metallic armouring {if any ) of the elKtric supply line* 
concerned- 

(2) The frame of every generator, stationary motott and 50 far as is 
practicable, portable motor^ and the metallic parts {not intended aa con¬ 
ductors) of all transforiiicrs and any other apparatus used for regulating or 
controlling energy and all medium voltage energy comumkig apparatus 
shall be earifaed by the ovvner by two separate and distinct connections 
with eartiu 

(3) All metal casings or metallic covering? containing or protecting 

any electric supply-line or apparatus shall be connected with earth and 
shall be so and connected across all junction-boxes and other 

openings as to make good mechanical and electrical connection throughout 
their whole length: 

Provided that vvhere the supply is at low voltagCj this sub-mle 
shall not apply to isolated wall tubes or to brackets, electroliers, 
switches^ ceiling fans or other fittings (other than portable hand 
lamps and portable and transportable apparatus) unless provided 
with earih tcrminaL 

Provided further that where the supply is at low' voltage and 
where the installations are either new or renovated ail plug sockets 
shall be of the three-pin type, and the third pin shall be perma¬ 
nently and efficiently earthed* 
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This sub-rule sh^U come into force Immediately In the case of new 
installations and in the case of existing initalla lions the provisions of 
this sub*rule shall be complied with before the expiry of a period of 
two year* from the commencement of those rules, 

(4) All earthing systems shall, before electric supply lints or apparatus 
are energised, be tested for electrical resistance to ensure efficient 
earthing. 

(5) All earthing systems belonging lo the supplier shall, in addition, 
l)e tested for resistance on dry day during the dry season not less than once 

tvtry tw'Q years, 

(6) A record of every earth test made and the result thereof shall be 
kept by the supplier for a period of not less than two years after the day of 
testing and shall be available to the Inspector when required. 

Rate Ah. 62 Sjisterns at Medium Voltage 

Where a medium voltage supply system is employed, the voltage 
between earth and any conductor forming part of the same system shall 
not, under normal condidoos, exceed low voltage. 

Rule Xa. §7 Coivaetion with Barth 

(1) The following provisions shall apply to the connection with earth 
of three-phase systems for use at high or extra-high voltages: 

In the case of star«connectcd systems with earthed neutrals or 
delta connected systems with earthed artificial neutral point; 

a) the neutral point shall be earthed by not less than two separate 
and distinct connections with earth each having its own electrode 
at the generating station and at the substation and may he earthed 
at any other point provided chat no interference ofany description 
is caused by such earthing; 

b) in the event of an appreciable harmonic current (lowing in the 
neutral connection so as to cause interlenencc with cOfnmunicatioTi 
circuits, the generator or transformer neutral shall he earthed 
through a suitable impedance. 

(2) Single-phase high or extra-high volcase systems shall be earthed in 
a manner approved by the Inspector. 

(3) In the case of a system comprising electric supply-lines having 
concentric cables, the external conductor shall be the one to be connected 
w'ith earth. 

(4) Where a supplier proposes to connect with earth an existing 
system for use at high or extra-high voltage which has not hitherto been 
so connected wjth earth, he shall give not less than fourteen da\^' notice in 
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writing together W'ith particulars to the telegraph-authority of the proposed 
connection with earth* 

(5) Where the earthing lead and earth connection arc used only in 
connection with earthing guards erected under high or extra-high voltage 
overhead lines where they cross a telecommunicsition line or a railway lincj 
and where such lines are equipped w'ith earth leakage relays of a type and 
setting approved by the Inspector, the resistance shall not exceed 
25 ohim. 

(6) In so far as the provisions of rule 61 are consistent with the 
provisions of this rule, all connections with earth shall also comply with the 
provisions of that rule. 

Rule S9 Foie Tjpt Stiistalioiu 

Where platform type construction is used for a pole type sutetation 
and sufficient space for a person to stand on the platform is provided, a 
substantial hand rail shall he built around the said platform and if the 
hand rail is of metal, it shall be connected with earth: 

Provided that in the case of pole type substation on w'ooden 
support and vi'ooden platform the metal hand-rail shall not be con¬ 
nected with earth. 

RuU .•¥■!?+ SS Guarding 

(2) Every guard-wire be connected with earth at each point 
at which its electrical continuity b broken* 

Rale JVi?r 90 Earthing 

(1) All metal supports of o\Trhcad lines and mctaIJic fittings attached 
thereto, shall be permanently and efficiently earthed. For this purpose a 
continuous earth wire shall be provided and securely fastened to each pole 
and connected with earth ordinarily at four points in every 1-609 km 
{ mile ), the Spacing betw^een the points being as nearly cquidbtant as poisi'' 
blc. Alternatively, each support and the metallic fitting attached thereto 
shall be efficiently earthed. 

(2) Each stay*wire shall be similarly earthed unless an insulator has 
been placed in it at a height not l«5 than 3 04© metres (10ft) from the 

gTDundp 
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APPENDIX B 

( Clause 4.11 } 


LIST OF INDIAN STANDARDS REQlUlRJED FOR 
REFERENCE FOR EARTHING 


IS: 280^1962 

Spcci Beat ion for oiiid steel wire for general 
engineering purposes ( rtmed) 

IS: -134 ( Part 1 )-1964 

Sperirteation for mbbcr-insiilated cables: Part 1 
With copper conductors ( rmsed ) 

lS:el3-l964 

Specification for copper rod^ for electrical pur¬ 
poses ( nuisid) 

IS : 692-J 965 

paper insulated lead-sheathed cables for electri¬ 
city supply ( Ttmsed) 

IS: 1079-1963 

SpecificatLon for hot rolled carbon steel sheet and 
strip (raiW) 

IS: 1239-1964 

Specification for mtld steel tubes and tubulars 
( nemed ) 

IS: 1293-1958 

Specification for three pin plug? and socket 
outlets 

IS; 1394-1960 

Metric sizes of copper wires and conductors for 
electrical purposes 

IS; 1653-1964 

Specification for rigid steel conduits for electrical 
wiring ( re^M ) 

IS: 1897-1962 

Specification for copper strip for electrical pur¬ 
poses with drawn or rolled edges 

IS: 1972-1961 

Spedficatjon for copper, plate, sheet and strip 
for industrial purpose? 


_Referenct U ^!» requ^rd lo ISO ISO/RI3 iftm 

pipes. 
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APPENDIX C 

( Clause 5 . 3 . 2 ) 

REPRESENTATIVE VALUES OF SOIL RESISTIVITY 
IN VARIOUS PARTS OF INDIA 


Sl 

Locality 

Type of Soil 

Order of 

Reuabks 

No. 




Resis¬ 
tivity in' 






ohm-mc(rc 


1 . 

Xakarapar, Surat 


Clayey black 

6-23 

Underlying faedfock- 


Distt^ Gujarat 


soil 


Dcccan trap 

2. 

Tap tee Valley 


Alluvium 

6-24 

do 

3. 

Narmada Valley 


Alluvium 

4-M 

Underlying bedrock- 
sand-s tones, shale 
fic limestones, Dec- 






can trap & 

gneisses 

4. 

Purna Valley 


Agricultural 

3-6 

Underlying bedrock- 


(Deogacn ) 




Deccan trap 

5. 

Dhondj Bombay 


AUu\ium 

6-40 

do 

6 . 

Bljapur Dhlty 


Black cotton 

2-10 

do 


Mysore State 

soil 






Moonn 

10-30 

do 

7. 

Garimenapenta^ 


Alluvium 

2 

Underlying bedrock^ 


Nellorc Dl^tt^ 


( highly 


gneisses 


Andhra Pradesh 


clayey) 



8. 

Kartee 

a) 

Alluvium 

3-5 

Underlying bedrock- 




Alluviunri 

9-21 

sand-stOTie^ trap or 
gneisses 

9. 

Delhi 

a) Najafgarh 

a) 

Alluvium 

75-170 

do 


( dry sandy 
soil} 





W 

Loamy to 

3B-50 

do 



clayey soil 
Alluvium 
(saline) 

1-5-9 

do 

c) 


b) Chhatarpur 


Dry soil 

^109 

Underlying bedrock- 


quart 


77 


IS:3043-19S6 


Sl Localitv 

No. 

Type op Soil 

Oroer of 
Resis¬ 
tivity IN 
ohm-metre 

Remari^ 

10 . 

Korba, MP 

a) Moisi clay 

b) Alluvium soil 

2-3 

iCh20 

ync^trtyuig bedrock- 
^and-sloncs or 

shale 

IK 

Gossipur, Calcutta 

Alluvium 

25 

' ( approx ) 

— 

12 . 

Bhagalpur, Bihar 

a) Alluviiiiu 

b) Top soil 

9-H 

24-46 

Underlying bedrock- 
trapSp sand-stones 
or gneisses 

13. 

Kerala (Trivan¬ 
drum Distt) 

Lateritic clay 

2-5 

Underlying bedrock^ 
latcntej charno^ 

ckite or granites 

I4. Bharatpur 

Sandy loam 
( saline ) 

6-14 

— 

15. 

Kalyadlj Mysore 

Alluvium 

60-150 

Underlying bedrock- 
gneisse- 

16. 

KolarGoid Fields 

Sandy surface 

45-185 

da 

17. 

WajrakarutjH 
Andhra Ptadesh 

Alluvium 

50>]5Q 

do 

18. 

Koyna, Salary 
Distt 

Lateritic 

S00-] 200 

(dry) 

Underlying berlrock- 
sand-latcritc or 

trap 

19. 

Kutch-Kandia, 
f Amjar Area J 

a) Alluvium 

( clayey ) 

b) Alluvium 

( sandy ) 

4-50 

60-200 

Underlying bedrock- 
gand-stone^ shale 
or trap 

do 

20 . 

Villupuram^ 

Madras 

Clayey sands 

11 

Underlying bedrock- 
gramie 

21 . 

Ambaji^ i Banas- 
kanchaj Gujarat 

Alluvium 

170 

Underlying bedrock- 
granites and gneis¬ 
ses 

22 . 

Ram anaihapurani 
Disttj Madras 

a) Alluvium 

bj Lateritic soil 

2-5 

300 

Underlying bedrock* 
sand-stones and 
gneisses 


( approx ) 

Nort--The soil arc object to yn6v snjonal variation aj they depend 

very mudi on the nioisttire eon leaf ^ 
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